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H^TENT COOPERATION TR^Y 

From the INTERNATIONAL BUREAU 



PCT/JP99/02305 



PCT 

NOTIFICATION OF RECEIPT OF 
RECORD COPY 

(PCT Rule 24.2(a)) 



To: 



SAEKI, Norio 

9th floor, Taka-ai Building 
15-2, Nihonbashi 3-chome 
Chuo-ku 
Tokyo 103-0027 
JAPON 



Date of mailing (day/month/year) 
02 June 1999 (02.06.99) 




Applicant's or agent* s file reference 
JA908462 

* — , — « - — ' — - — * - °° cy - M m °"" am * " 

detailed below. 

^Z^ZZT^Z^io^^ „o, - SU.es excep, US, 

MORi.Sa.oshietaKforUS) 30ApdM*»(30.0*.99> 

International filing date 3Q u 19 g g ( 30 .04.98) 

Priority date(s) claimed 
Date of receipt of the record copy 
by the International Bureau 



21 May 1999 (21.05.99) 



List of designated Offices 



EP :AT,BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,IE,IT,LU,MC.NUPT,SE 
National :AU,CA,JP,US 




ATTENTION 

The applic 

and the indications in xneuiwiii»"«»— -^i ... tri 



a,,u . . in thn Annex, relating to: 



time limits for entry into the national phase 
X] confirmation of precautionary designations 
requirements regarding priority documents 



A copy of this Notification is bein 8 sent to the receiving Office and to the internationa.Searching Authority. 




ANNE 



4^FORM PCT/IB/301 



national application No. 
PCT/JP99/02305 



INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONAL PHASE 

the applicable national laws. ted States | 

CONFIRMATION OF PRECAUTIONARY DESIGNATIONS 

REQUIREMENTS REGARDING PRIORITY DOCUMENTS 
„( th. ..id IB*"*", f *•» " directly » th. lnt.rn.tlo.ul Bur^ bjfanv Ov. dK . rf 

, »nt ^ncerned is not submitted to the International Bureau o. \t ^^^^^S^^SMiOm 
If the priority document concerned b made (and the corresponding fee. i any. pa i n<j 

,.i™l th. o.lority d.» » b. considered to »« Pt"»°»* °< "«"»• " 



002648388 
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From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 



Date of mailing {day/month/yea r) 
29 June 1999 (29.06.99) 



Applicant's or agent's file reference 
JA908462 




IMPORTANT NOTIFICATION 



International application No. 
PCT/JP99/02305 



International filing date (day/month/year) 
30 April 1999 (30.04.99) 



International publication date (day/month/year) 

Not yet published 



Priority date (day/month/year) 
30 April 1998 (30.04.98) 



Applicant 

JAPAN SCIENCE AND TECHNOLOGY CORPORATION et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 17.1(a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisk^) appearing next to a date of receipt in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 1 7.1 (a) or (b). In such a case, the attention 
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Priority date Priority application No. 

30 Apri 1 998 (30.04.98) 1 0/1 37685 



Country or regional Office 
or PCT receiving Office 

JP 



Date of receipt 
nf priority document 

25 June 1999 (25.06.99) 





Authorized officer 


The International Bureau of WIPO 




34, chemin des Colombettes 


Juan Cruz c^^^^^ 


1211 Geneva 20, Switzerland 




Facsimile No. (41-22) 740.14.35 


Telephone No. (41 -22) 338.83.38 



Form PCT/IB/304 (July 1998) 
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ENT COOPERATION TRE 



WO 99/57249 
PCT/JP99/02305 



— PPT 

NOTICE INFORMING THE APPLICANT OF THF 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 


To: 

SAEKI, Norio 

Taka-ai Building, 9th floor 
io-a NinonDasni o-cnome 
Chuo-ku 
Tokyo 103-0027 

1 A DOM 

JArUlM 


Date of mailing (day/mo nth/year) 

1 1 November 1 999 (1 1 . 1 1 .99) 


Applicant's or agent's file reference 
JA908462 


IMPORTANT NOTICE 


International application No. International filing date (day/month/year) Priority date (day/month/year) 
PCT/JP99/02305 30 April 1999 (30.04.99) 30 April 1998 (30.04.98) 


Applicant 

JAPAN SCIENCE AND TECHNOLOGY CORPORATION et al 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international applicati< 
to the following designated Offices on the date indicated above as the date of mailing of this Notice- 
AU,EP,JP,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
or the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time* 
CA 



The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
11 November 1999 (11.11.99) under No. WO 99/57249 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
aate, a demand for international preliminary examination must be filed with the competent International Preliminary 
fcxammmg Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important .information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20 r Switzerland 



Facsimile No. (41-22) 740.14.35 



Authorized officer 

J. Zahra 

Telephone No. (41-22) 338.83.38 



Form PCT/IB/308 (July 1996) 



2935101 
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From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF TRANSMITTAL 
OF COPIES OF TRANSLATION 
OF THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 72.2) 



Date of mailing (day/month/year) 

08 September 2000 (08.09.00) 



Applicant's or agenfs file reference 
JA908462 



To: 



SAEKI, Norio 

Taka-ai Building, 9th floor 
15-2, Nihonbashi 3-chome 
Chuo-ku r 
Tokyo 103-0027 ( 




'0 0, 9. 



JAPON 



IMPORTANT NOTIFICATION 



International application No. 
PCT/JP99/02305 



International filing date (day/month/year) 
30 April 1999 (30.04.99) 



Applicant 



JAPAN SCIENCE AND TECHNOLOGY CORPORATION et al 



1 Transmittal of the translation to the applicant. 

International Preliminary Examining Authority. 

2. Transmittal of the copy of the translation to the elected Offices. 

The International Bureau notifies the applicant that copies of thM translation have been 
iansmitted to the following elected Offices requiring such translate. 

EP,AU,CA,US 



3 Reminder regarding translation into (one of) the official language(s) of the elected Office(s). 

international preliminary examination report. 





Authorized officer . 




The International Bureau of WIPO 
34, chemin des Colombettes 


Eliott Peretti A 




1211 Geneva 20, Switzerland 

Facsimile No. (41-22) 740.14.35 


Telephone No. (41 -22) 338.83.38 j^j/y 
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Presence of Nicotianamine Synthase Isozymes and 
Their Homologues in the Root of Graminaceous Plants 

Kyoko Higuchi*'**, Hiromi Nakanishi*, Kazuya Suzuki*'**, 
Naoko K. Nishizawa*, and Satoshi Mori**** 

* Laboratory of Plant Molecular Physiology, Department of Applied Biological Chemistry, 
The University of Tokyo, Tokyo, 113-8657 Japan; and ** CREST, Japan Science and 
Technology Corporation (JST), Tokyo, 305-0047 Japan 



Nicotianamine synthase (NAS) catalyzes the synthesis of nicotianamine, which 
is an intermediate in the biosynthetic pathway of mugineic acid family phyto- 
siderophores (MAs). Using polyclonal anti-NAS antibodies and recombinant 
NAS proteins, we identified five NAS isozymes and one NAS homologue in 
Fe-deficient barley roots using two-dimensional electrophoresis followed by 
Western blot analysis. Other unidentified NAS homologues that were induced 
by Fe-deficiency were also detected in barley roots. Western analysis enabled to 
detect NAS homologues in wheat, oats, rice, maize, and sorghum roots. In 
graminaceous species, both the amount and number of NAS homologues were 
correlated with the total NAS activity and Fe-deficiency tolerance. The NAS 
isoform patterns differed among the graminaceous plants. 

Key Words: Fe-deficiency, graminaceous plant, mugineic acid, nicotianamine 
synthase, Western blot analysis. 

Graminaceous plants secrete iron-chelators, called mugineic acid-family phytosidero- 
phores (MAs), from their roots to solubilize sparingly soluble iron in the rhizosphere. MAs 
is the only class of phytosiderophores so far identified in plants (Takagi 1976). The amount 
of phytosiderophores secreted increases dramatically under Fe-deficiency stress. In grami- 
naceous plants, tolerance to Fe-deficiency is considered to depend on the amount of MAs 
plant roots secrete under Fe-deficiency stress (Takagi et al. 1984; Marschner et al. 1987; Singh 
et al. 1993). 

Increase in the activity of nicotianamine synthase (NAS) and nicotianamine amino- 
transferase (NAAT) is essential to the enhancement of MAs biosynthesis in Fe-deficient 
plants and therefore to tolerance to. Fe-deficiency (Kanazawa et al. 1994; Higuchi et al. 
1996a). Recently, we have purified NAS and NAS-like proteins from Fe-deficient barley 
roots and isolated 7 related cDNA clones of NAS from barley (Higuchi et al. 1999). In this 
study, we detected a number of NAS-like proteins in barley and in five other graminaceous 
species by Western blot analysis. The correlations between the amount of NAS-like protein 
or its isoform patterns with NAS activity are discussed. 
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MATERIALS AND METHODS 



Preparation of polyclonal antibodies to NAS. Two mice were immunized with a 
total of 100 jxg NAS peptides which were the same as those used to determine the partial 
amino acid sequences described in the report of Higuchi et al. (1999). For the first injection, 
the immunogen was emulsified in complete Freund's adjuvant. For the second and subse- 
quent injections, incomplete Freund's adjuvant was used. After the 4th induction, whole 
blood was collected and the antiserum was stored at — 80°C until use. 

Western blot analysis. The procedure described by Damerval et al. (1986) using 
trichloroacetic acid (TCA) and acetone extraction of proteins was applied with slight 
modifications. The plant materials were crushed in liquid N 2 using a mortar and pestle, and 
the powder was then resuspended in a cold solution of 100 g L" 1 TCA in acetone with 1 mg 
g _1 2-mercaptoethanol (2-ME). Proteins were allowed to precipitate for 1 h at — 20°C, and 
then centrifuged at 16,000 X g fot 30 min at 4°C. The supernatant solution was discarded and 
the pellet containing both proteins and residues was. rinsed with cold acetone containing 1 
mg g" 1 2-ME for 1 h at — 20°C, and then centrifuged at 16,000 Kg for 30 min at 4°C. The 
supernatant solution was discarded, the pellet was dried under reduced pressure, then the 
proteins were dissolved with sample buffer (50/zLmg" 1 dry pellet: 9.5 m urea, 20 gL" 1 
Triton X-100, 50 mg g" 1 2-ME). The suspension was centrifuged at 16,000 for 10 min at 
room temperature, then the residues were removed. The supernatant solution was applied to 
SDS-PAGE (Laemmli 1970) or two-dimensional electrophoresis (2D-PAGE) (O'Farrell 
1975). The peptides were transferred onto a PVDF membrane by electro blotting and used for 
Western analysis, which was performed using the NAS antibodies described above with a 
secondary antibody that was a conjugate of goat anti-mouse IgG (H + L) and horseradish 
peroxidase (Wako, Osaka, Japan). The blot was stained with diaminobenzidine. 

Expression of recombinant NAS proteins in Escherichia coli. PGR mutagenesis 
was used to introduce EcoRI and Ncol sites close to the first ATG into the seven nas cDNAs 
(Higuchi et al. 1999). Restriction sites were also introduced near the first stop codon of the 
seven nas cDNAs. Pstl and BamHI sites were introduced into hvnasl, hvnas2, hvnas3, and 
hvnas6 y a BamHI site into hvnas4, and Hindlll and BamHI sites into hvnas5-l and 
hvnas5-2. The following primers were used for the N-terminal regions (the EcoRI and Ncol 
sites are underlined). 

For hvnasl, hvnas4, and hvnasd: 

5 / -GAGAGAGA GAATTC G CCATGG ATGCCCAGAACAAGGAG-3 / . 

For hvnas2 and hvnas3\ 

S'-GAGAGAGA GAATTC G CCATGG CTGCCCAGAACAAC-y. 

For hvnas5-l and hvnas5-2: 

S'-GAGAGAGA GAATTC G CCATGG AGGCCGAAAACGGCGAG-S'. 

The following primers were used for the C-tenninal regions (the Pstl, Hindlll, and 
BamHI sites are underlined). 

For hvnasl: 

5 / -GAGAGAGA GGATCCCTGCAG CTTCAATCAAAAGGCCAGCTC-3 / {Pstl and 
BamHI sites). 

For hvnas2 t hvnas3 t and hvnas6\ 
5 / -GAGAGAGA GGATCCCTGCAG CGATCAAAAGGCCACTTCGGC-3 / {Pstl and 
BamHI sites). 
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For hvnas4: 

5--GAGAGAGAGGATCCCTCGAGCAATCAGAAGGCCACTTCCGC-3' (BamBl 
site). 

For hvnas5-l and hvnas5-2: 
V-d A G A G AG A GG ATCC A AGCTT A ATTT A AGC ACTC ATTTT C AC-3' (Hindlli and 

BamRl sites). 

The appropriate restriction fragments containing the coding sequences of the seven 
cDNAs were excised from the PCR products and cloned into pMAL-c2 (New England 
Biolabs) to give pMAL-NAS, which were introduced into E. coli XLl-Blue. The recom- 
binant bacteria were cultured in Luria-Bertani (LB) medium containing lOO^gmL 1 
ampicillin and 20 ^gmL" 1 tetracycline at 3TC until the OD 600 of the culture medium 
reached a value of 0.5. At this time, isopropyl yff-D-thiogalactopyranoside (IPTG) was added 
to a final concentration of 0.3 mM to induce the production of the recombinant protein. 
After 4 h, a crude extract from the cells was prepared, and recombinant fusion proteins were 
purified using 'Amylose Resin' as described in the manufacturer's manual for the pMAL kit. 

Ncol-BamBI fragments containing the coding sequences of hvnasl, hvnas2, hvnas3, 
hvnas4, hvnas5-2, and hvnas6 were excised from the PCR products and cloned into 
pET-16b (Novagen) to give pET-NAS, which were introduced into E. coli BL21 (DE3). The 
recombinant bacteria were cultured in LB medium containing 100/igmL- 1 ampicillin at 
37°C until the OD 600 of the culture medium reached a value of 0.5. At this time, IPTG was 
added to a final concentration of 0.3 mM to induce the production of the recombinant 
protein. After 4 h, the cells were harvested and suspended in SDS-PAGE sample buffer 
(O'Farrell 1975). 

Assay of NAS activity. Enzyme solutions were equilibrated with reaction butter 
(50 mM Tris, 1 mM EDTA, 3 mM dithiothreitol, 10 M M (>amidinophenyl)methanesulfonyl 
fluoride 0?-APMSF), 10 M M trans-epoxysuccinyl-L-leucylamido(4-guanidino)butane (E-64), 
pH 8.7) and concentrated by ultrafiltration using Ultrafree C3LGC NMWL 10000 (Millipore 
Co.). The details of the method used to detect NAS activity were described in the report of 
Higuchi et al. (1996a). 

Identification of six nas gene products on 2D -PAGE gels. Recombinant NAS 
proteins expressed using pET-NAS were isolated by SDS-PAGE and electroelution. Each 
recovered NAS was mixed with sample buffer (9.5 M urea, 20 g L _1 Triton X-100, 50 mg g 1 
2-ME) and applied to 2D-PAGE. 

Plant materials. Barley (Hordeum vulgare L. cv. Ehimehadaka no. 1), oats (Avena 
sativa L. cv. Yakushin), wheat (Triticum aestivum L. cv. Arona), maize (Zea mays L. cv. 
Alice), sorghum (Sorghum bicolor (L.) Moench. cv. Big Jim), and rice (Oryza sativa L. cv. 
Nihonbare) were cultured as previously described (Higuchi et al. 1996a). 

NAS activity in roots. Each aliquot of 0.5 g of frozen root tissue was crushed into 
a fine powder in liquid N 2 using a mortar and pestle, homogenized with extraction buffer, 
and then the NAS activity of the crude extract was detected following the method of Higuchi 
et al. (1999). 

RESULTS AND DISCUSSION 

Preparation of anti-NAS polyclonal antibodies 

Polyclonal antibodies were raised against the 33 plus 32 kDa peptides, which consisted 
of the mixture of NAS isozymes used to determine the partial amino acid sequences of NAS 
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Pig 1 Western blot analysis of total protein extracted from Fe-deficient barley root, 
wlS TCA/acetone. 40 of protein was loaded on the gel. 125 g L- slab 
gels were used for SDS-PAGE, A 10- dilution of the antisera was used to detect NAS 
or NAS-like proteins. 

fHiauchi et al 1999). SDS-PAGE followed by Western blot analysis of total protein 
SSS from Fe deficient barley roots by the TCA/acetone method *"J^ 
dilution of the antisera specifically recognized NAS, and the molecular 
band was 35-36 kDa (Fig. 1). This value matched well the molecular weights deduced from 
Le vees of the nas cDNAs (Higuchi et al. 1999), because NAS proteins extracted by 
the TCA/acetone method were intact. The 33 plus 32 kDa peptides as the antigen were 
ex JcSd iTpurified under native conditions, thus NAS was partially degraded by some 
proteases (Higuchi et al. 1999). 

^re^n^ * -acts from Fe-deficient barley root, 

by 2D-PAGE followed by Western blot analysis (Fig. 2). All the protex* ; were induced by 
Fe-deficiency in roots. These results coincide with the presence of a 

that were induced by Fe-deficiency (Higuchi et al. 1999). The pi values of these spots (5.0 
5.5) also matched well those deduced from the nas cDNA sequences^ 

The molecular weights of most of the protein spots were 35-36 kDa. and a few ^ 
showed a molecular weight of about 30 kDa. The deduced ^molecular ^eights of A W 
hvnas4 and hvnas6 proteins were 35-36 kDa, and those of hvnas5-l and hvnas5 2 proteins 
were 28.2 and 30.1 kDa, respectively. hvnas5-l is a deletion clone of A™^***^" 
al 1999) Since no NAS-like proteins under 30 kDa were detected in the Western blot 
analysis, hmasS-l was considered to be an artifact produced during the preparation of the 
• cDNA library. 
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Fe-deficiency leaf 
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kDa 
48H 
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28.4 



control leaf 




Fie 2 Western blot analysis of total protein extracted from barley with TCA/acetone. 125 gL" 1 acryl- 
amide slab gels were used for 2D-PAGE. Either 200 M g of root protein or 500 M g of leaf protein was loaded 
on the gel. 



In both control leaf and Fe-deficient leaf, few spots were observed which was in 
agreement with the fact that no signals were detected in leaves by Northern analysis (Higuchi 
et al. 1999). In the case of barley, MAs may be synthesized mainly in roots. Even if 
nicotianamine (NA) also plays a key role as an endogenous chelator of divalent metal 
cations (Stephan et al. 1994) in leaf, the amount of NA required may be lower than that for 
MAs-synthesis in the roots. 

Since the deduced amino acid sequences of hvnasl-hvnas6 were homologous to each 
other with 57-95% identity (Higuchi et al. 1999), we considered that the antisera recognized 
a wide range of NAS and NAS-like proteins. 

NAS activity of nas gene products 

Since all the gene products of the seven related nas clones were assumed to be present 
among the proteins detected by Western blot analysis, we tried to confirm the enzymatic 
function of each protein and to identify each protein individually on the 2D-PAGE gel. 

Higuchi et al. (1999) previously confirmed the enzymatic function of the hvnasl gene 
product. To confirm the enzymatic functions of the other nay-like gene (hvnas2, 3, 4, 5-1, 
5-2, and 6) products, these genes were expressed as maltose-binding protein-fusions (MBP- 
NASs) in E. coli. MBP-NASs were purified using Amylose Resin afiinity columns, and 0.5 
»g of purified MBP-NAS was used for each enzyme assay (Fig. 3). MBP-HvNASl, 2, 3, 4, 
and 6 showed a NAS activity, while MBP-HvNAS5-l and 5-2 did not (Fig. 3 A), even when 
5 ^g was used (data not shown). When the protein with the hvnas5 sequence was purified 
from barley roots, it lacked the NAS activity (Higuchi et al. 1999). 

The same 0.5 M g MBP-NAS samples used to confirm the NAS activity were analyzed by 
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Fig. 3. Confirmation of the 
NAS activity of seven barley nas 
gene products. A: TLC analysis of 
NAS activity assay mixtures of 
MBP-NAS fusion proteins. 0.5 /zg 
of each fusion protein was used 
for the enzyme assay. B: SDS- 
PAGE of MBP-NAS fusion pro- 
teins. 125 gL" 1 acrylamide slab 
gels were used for SDS-PAGE and 
0.5 jxg of each sample was loaded. 
The gels were stained with CBB. 
Lane 1, HvNASl; lane 2, 
HvNAS2; lane 3, HvNAS3; lane 4, 
HvNAS4; lane 5-1, HvNAS5-l; 
lane 5-2, HvNAS5-2; lane 6, 
HvNAS6; NA, standard nicotian- 
amine; M, molecular weight 
marker. 



SDS-PAGE (Fig. 3B). The molecule weight of MBP was about «0 kDa and ^deduced 

i * u + - r xj,,tvj a q i 0^4 5-1 5-2 and 6 were 35.1-, 35.o, jo.u, ^o.o, ju-i, 
S^kJSS^ * 1W. B-pt for MBP-HvNAS3 the molecular 

weilt of the major band in each lane coincided with the deduced molecular weight. The 
Lnor bLfju" above the major band in lane 3 coincided with the deduced molecular 
TeLht oTmBP-HvNAS3. In each lane, proteins with molecular weights lower thar the 
leduced values were assumed to be degradation products, because anU-NAS antibodies 

^° g ^T^^ r/cXMBP-NAS was vulnerable to degradatiou * K 
coli UoZt, the amount of MBP-NAS produced in BL ^^^^^ 
alone Frequently the recombinant E coll strains stopped producing MBP-NAS. Tnerelore, 
SlTwa^tok to be toxic to E coli. Since S-adenosylmethionine (SAM) is a subrtrate 
of NAS overexpression of NAS could reduce the size of the SAM pool, which might inhibit 
L ioZ7Tcoli. Interestingly, MBP-HvNAS5, which lacked ft, .NAS activity was 
produced rather stably. NAS was also vulnerable to degradation by proteases during 
enaction from bariey roots (Higuchi et al. 1999). The NAS activity may be stnetly 
regulated to prevent the deficiency of SAM, which is an essential precursor for other 
Z*1£L the excess NAS in Fe-deficient barley roots may be degraded immediately. 
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Identification of six nas gene products on the 2D -PAGE gel 

NAS protein should be cleaved from MBP-NAS by Factor Xa according to the 
manufacturer's manual for the pMAL kit. However, since Factor Xa could not cleave NASs 
from MBP-NASs, NASs without any tag were expressed using pET-16b. Recombinant NASs 
were purified by SDS-PAGE and electroelution and then applied to 2D-PAGE. The 
N-terminal amino acid sequence of each recombinant NAS recovered from SDS-PAGE was 
sequenced with a protein sequencer. HvNAS5 was used as an internal standard to identify 
other protein spots, because its molecular weight is quite different from that of other NASs 
and it can be easily distinguished from others on 2D-PAGE. HvNASl, 2, 3, 4, and 6 were 
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Fig. 4. Identification of recombinant NAS proteins on 2D-PAGE 
gels" 125 g L" 1 acrylamide slab gels were used. The molecular weights are 
indicated on the left of each panel, while the pi values are indicated 
above each panel. Asterisk indicates HvNAS5. 
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Fig. 5. NAS activity. Root mate- 
rials were derived from 12 plants in 
each species. 0.5 g fresh weight was 
extracted from frozen well-homo- 
genized roots. Each value is a mean 
(n = 2). Open pattern: control plant. 
Closed pattern: Fe-deficient plant. 
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individually applied to 2D-PAGE with HvNASS, then the gels were stained with CBB (Fig. 
4). The molecular weights and pi values of each NAS closely matched the deduced values 




Fig. 6. Western blot analysis of total protein extracted from several graminaceous plants with TCA/ 
acetone. 125 g L" 1 acrylamide slab gels were used for 2D-PAGE and 200 jxg of each root protein was loaded, 
(a) and (b), barley; (c) and (d), wheat; (e) and (0, oats; (g) and (h), rice; (i) and G)> maize; (k) and (1), 
sorghum; (a), (c), (e), (g), (i), and (k), Fe-deficient roots; (b), (d), (0, (h), (j)> and (1), control roots. The 
molecular weights are indicated on the left of each panel, while the pi values are indicated above each panel. 
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(Higuchi et al 1999) However, the molecular weight of recombinant HvNAS3 was lower 
than the deduced value. Therefore, the position of HvNAS3 on the 2D-PAGE gel could not 
be determined exactly. The smaller molecular weight of recombinant HvNAS3 coincided 
with the results shown in Fig. 3B. The C-terminal region of HvNAS3 may be vulnerable to 

proteases in E. coli. , „ ,-, . , 

Each of the six recombinant NAS were dispersed into three spots on the 2D-PAGE gels. 
Each set of 3 spots showed the same molecular weight, but different pi values. The N- 
terminal amino acid sequence of each recombinant NAS recovered from SDS-PAGE was 
sequenced with a protein sequencer, and the sequences for each set of 3 spots were identical. 
Acid phosphatase or alkaline phosphatase treatments had no effect. Presently, it is not clear 
why each recombinant NAS was separated into 3 spots on the 2D-PAGE. . 

NAS in various cereals 

NAS activity was detected in the roots of both Fe-deficiency tolerant (barley, wheat, 
and oats) and Fe-deficiency susceptible (rice, maize, and sorghum) cereals (Romheld 1987) 
(Fig 5) In all the species, Fe-deficiency induced NAS activity. The NAS activity ranged 
from high in barley, wheat, and oats, to low in rice, maize, and sorghum. Since the use of 
E-64 as a protease inhibitor improved the procedure applied to extract NAS proteins 
(Higuchi et al 1999) and the activity was detected in the crude extracts directly, the 
difference in the NAS activity of each species was more distinct than that previously reported 

(Higuchi et al. 1996a). _ 

Western blot analysis of each graminaceous plant using anti-NAS polyclonal antibody 
is shown in Fig. 6. NAS-like proteins were detected in all the species tested. The amount of 
each NAS homologue was determined from the size of the spots. The number or amount of 
each NAS homologue was correlated with the differences in NAS activity; m the subfamily 




Fig. 6. Continued. 
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Pooideae (barley, wheat, and oats), Fe-deficiency strongly induced several isoforms of NAS 
or NAS-like proteins, and the isoform patterns were similar. On the other hand, in rice and 
the subfamily Panicoideae (maize and sorghum), Fe-deficiency weakly induced NAS or 
NAS-like proteins, and there were a few detectable spots. In the subfamily Pooideae, the 
molecular weights of NAS were about 35 kDa. However, in addition to about 35 kDa 
proteins, a NAS-like protein with a molecular weight of approximately 40 kDa was observed 
in control rice and NAS-like proteins with a molecular weight of approximately 70 kDa 
were observed in maize and sorghum. Moreover, the pi values of the NAS-like proteins in 
maize and sorghum were higher than those in the subfamily Pooideae. 

Rice had fewer isoforms than the Pooideae subfamily, and there was a small amount of 
NAS-like protein. We identified NAS-like rice EST clones in the database, and their 
sequences were very similar to barley NAS. Therefore, the low NAS activity in rice may 
simply result from a lower level of NAS gene expression. The pi values of NAS-like proteins 
in the subfamily Panicoideae were different from those in the subfamily Pooideae. It is 
possible that the amino acid sequences of these proteins are not so similar to those of barley 
NAS, and then the relative activity of NAS in the subfamily Panicoideae is lower than that 
in the subfamily Pooideae. 

Arabidopsis thaliana is a species that uses the strategy-I mechanism of iron acquisition. 
NA is also found in strategy-I plants, where it is proposed to play a key role as an 
endogenous chelator of divalent metal cations (Stephan et al. 1994). However, Fe-deficiency 
does not enhance NAS activity in strategy-I plants such as tobacco (Higuchi et al. 1995) and 
tomato (Higuchi et al. 1996b). In rice, maize, and sorghum, the amounts of NAS protein and 
activity were not so low in control roots, and were weakly induced by Fe-deficiency. 

We also found three nas gene homologues in the A. thaliana genome database (acces- 
sion no., AB005245, AC003114, AB011476). The coding regions of two of the NAS homol- 
ogues, AB005245 and AB011476, were very similar to each other and both were located on 
chromosome 5. Predicted pi values were 6.28 and 6.14. On the other hand, the AC003114 
sequence was different, and was located on chromosome 1. The predicted pi value was 5.66. 
Three isoforms of NAS were tentatively identified in rice, maize, and sorghum (Fig. 6). We 
found 19 NAS-like rice EST clones in the database, which were classified into two types 
with very similar putative coding regions^The program Clustal W categorized barley NASs 
into three types: Type 1, nasi; Type 2, nas2, J, 4, and 6; Type 3, nas5. Therefore, it is 
assumed that originally two types of nas genes may have been present in higher plants and 
that the copy number of one of these tend to increase. The origin of nas5 in barley remains 
to be elucidated. 

Based on the data described above, it is possible that the ancestor of the Gramineae 
acquired the ability to induce the expression of NAS in the case of Fe-deficiency, and 
subsequently both the copy number and the level of expression of NAS increased in the 
process of evolution of the subfamily Pooideae. Comparison of rice, Pooideae, and Pani- 
coideae genomes showed that the rice genome may have been related to the genome of 
ancestral grass (Devos and Gale 1997). Since Fe-deficiency strongly induces all NAS-like 
proteins in the Pooideae, as shown in Fig. 6, it is difficult to assume that the cis-element of 
each NAS had been independently altered to promote a higher expression. In the Pooideae, 
iron-responsive trans-elements of NAS probably enhance NAS expression more strongly 
than in the Oryzodae and the Panicoideae. We plan to identify the iron responsive cis and 
trans elements of NAS in future. 
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1 kgC^^^ttA^W^iO, » SET -S^^^J 3 <7)73 Bui£L 
fc 3 0 k D a , 32kDa, i«kll!3 3 kD aC^7"f K*JlfiLt. £ ft £> S 
SEW 4 (DJiilk&m SB L/i. 32t33kDa <D^~r=f- F 

iEJflfaSVMC «t < fflTH5**5 ^ it 3 2kDa 
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(i33kDa <Dftmm-?&Z> bT — 8 bit. 

(f5S) . 33kDa, 32kDa (1) Kfrtt»*«©^IiBt 

nfc. a>e^-^-^^(cJ;0 ~ ti <i IE ?'J <h =fc < <BlfcEBIS#o«tgj|c*n© 
ate'?**. -f * 43 J: o < 7tXti:^5 n t*«t)i>t3&. ^ic-f^raEST 

-cDNA^D — >D2 3 7 9 2 tD 2 4 7 9 0 VS.* lHf#K::3V*Ttt3 37$; 
^^Stf>S& Dffi^80. 0X^i-©75yf. if lIQ^Tttl 9 75; 

SI) o 

5 SMUmt., n > tTa-^-ttSRK «fc 0»S*lifc< *<E>*<Bia>E5*J££Jtttb 

-at575;8a«s r :J -?^bfc. p c r \zmm vtc?? 

—Zi^TTS. >&f&Bmc DNAffl^ n-^:>^i:^-<E>l&SIE?<J£?& 

3£ b fc . 

A? b & ^ ^ T# S nfc 8B» T 5 / BfciE5>J S t 1 x * U -f H ^ ^ v - S ^ 

Attit«« tlT HfcJ^o fc. tilT-f *<0D 2 3 7 9 2 tD 2 4 7 9 0 ©E9JA» 
6, ^-<0«taia9«&l*O^7< V- (IK 5 K^EPTSt^) £-§rj£LTPC 
R£f?ofc. NFfi«fca!NR77^7-*JBVifcP CRT 2 0 5 b p<0W 
I F*5cktfl Ry7-f7-*JSt>ftPCRTf2 7 4bp © Wf (B S tl. :tl 

SttSWOEMS^A/^^fc. 2 0 5 b p OKffM-^ya — bT, ifc^S.^* 
A^IS^'J (A) * RNAft*£0cDNA7^7'7 t J-€X^ l J-->i'litt 
:5 i 9«05#a — 2 7 4 bp(D|)tS^n-^tbTX? l J-->^L 

t ; 5 8 8ffl©^n — 

lenfc^D-XDo ^,HvNASl<h£tttt£:t><£>ti. 9 8 5 b p 18 1R M £ ^ 
*f:i^iSSn575 y^SE^'Jtt3 2 87$/tSlT. *t!£#^S3 5, 
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1 4 C©fi(SSDS-PAGE J ?=y^5l^e)«£$nfcltJ;< 
— HtLfco 3 2kDai5cfc£K33kD a K S $ tlfc T 5 / WtM 

Ig 6 HvNASl <D c DNAOilifC^bf I$n57 5 y|!E^^Sl 

f8$ft5p Itt. 5. 2T*«tt«*jamat*»K:«J;*ffl[t— abfc. HvNA 

Sl<Z>ft!i£l® «e>T<k < ^fciE^'J £##0 6 m<D ? O — >HvNAS2, HvNAS3, HvNAS4, Hv 
NAS5. HvNAS6, HvNAS7^# £> ttfc (^ 1 . 7 M) . 

m 7 n ttA^^eietifciEoz^cc DNA*6f8sns75; 

r * J T ^ L 7t . 

Itl^ffl^ O — >CD^SI5?U£IE?iJ#*t 2 (HvNASl) , ME^J#-^4 (HvNAS2) , 
IE^J#^6 (HvNAS3) . E?'J#^8 (HvNAS4) , gE?'J#^§ 1 0 (HvNAS5) , BE 
f^l 2 (HvNAS6) , E5»J## 1 4 (HvNAS7) n ^"tl^ f . £ tl 6 O 

7 5 / fti£?>J SiE^J*-^- 1 (HvNASl) , I2?'J#^ 3 (HvNAS2) » £81*^5 (Hv 
NAS3) . SH^J#^ 7 (HvNAS4) , @E?'J#-Sf 9 (HvNAS5) . 1E^'J#^ 1 1 (HvNAS 

6) » @s?'j#^ i 3 (hvnas7) n^n^nst. 
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« 1 n a s $ D->©ttJt 



# n — > 


71m 

lie 


ft?* 


P I 


nas 1 1. CD 


nas2 t <D 


nas4 1 <D 
*B 1^14 00 


HvNASl 


328 


35144 


5. 20 


- 






HvNAS2 


336 


35839 


5. 07 


72 






HvNAS3 


336 


36013 


5. 47 


72 


95 




HvNAS4 


330 


35396 


4. 91 


73 


89 




HvNAS5 


283 


30148 


5. 22 


61 


61 


59 


HvNAS6 


329 


35350 


5. 07 


74 


89 


88 


HvNAS7 


330 


35244 


4. 98 


70 


86 


91 



3 0 kD a^^^H^6*3esnfc«»75yi6ia^Jt±^-CHvMAS5»C^*nT 

<*C = 3f7tS >£sft»*SHH4&D 2 3 7 9 2 tD 2 4 7 9 0 tt, HvNASl 
tms 0 *©*Htt**bfc. yn^tXtCACO 031l4<hAB005 
2 4 5 ttHvNASli^ 4 5 %<D*B!^tt£^^;fco 

t# 6 ti HvNAS 1 co ^ >/^^MS:^:fliM"C ! %^cf-lt^:o 

HvNASl CO OR F^PCRT'ililt^i'^-pMAL-c2I^D-->^b 1 
HvNASl^ h-vWW >ir ^ y^^Of^ > <D C tCSS^ L fc#TT$fiaT Z> 

iti*«^T»KietftL/fc^M« < E - co i i) 7&^e>a«im«*». 

T?tt£ < *Stt«&tB $ ftfcJ&»o HvNAS 1<7) OR F ^SAlfci^Cttfitt^ 

^ 80(J< ^^h-7;H>f^i'7'Df^ >-HvNASlgi£rMS1?£fg§lb 

(TLC) TttHi LfciK^^^T'bCO^^^. »8EKOU-> ltt. 
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Y i- H ( N A ) T?^ 0> 1/ — > 2 )U } 7. / W y"r 4 > ^ :/ □ ^ -f > ( S 

AM) ©^5%ilT^5^II©t>©t^0. U-> 3 h - XA-f > 5 s 

■otciiz.^. z.(Dm.fcTiz&iX-2. < vm-e l &< i^^nt^fcd 9 ia). una* 

UsSIStt WfgJflA^ — > i — ^ LTUf; (Higuchi et al. 1994) .'&9Htt. H 
vNASl -7* £ Vfz J - If > 7W ^< if - -> 3 >H«f©^I^*t. £R 

§[/->!;5 m gCRNAStlLfc. 

£fTofc. BamHI*5^liEcoRI*5HttHind 1 1 1 T' D N A ^ Sff 

itLtct z. z&gKDWfrtfikm £ nfc^, 5t&# e. nT^5t*<oi? □- > *> b a 

mHI43J:tfEcoRI T «3J W $ *l& ^ <D T , - n^T^"5 Sprite? 1 

0) o 

« i o an, HvNAsi^y □ t bfc-tf-if ww ^-r -tr- -> 3 >»w 

^^if, *tA^ini»IA^IIiiUcy/ADNAlBamHI (U-> 
B) , EcoRI ( 1/ - > R ) . Hindi I I ( U- — > H ) I£r *WL L , # U 
— >(~ 1 0 fj. g £ * ft L £ „ 

5ItAtt)*ofc(18l 1H). :<Dftfi/^->a*»*8tt«»SDS-PAG 

EiC3 0~3 5 kDaW^CE^oTiUi^n^^t (S3i#I) <h — St U 

3B 1 IBB. Stttttafwffi^fcfi»*K»©^x^^>-7a «/ hMVKDIfegkZ 
^-To SDS-PAGEtt, 12. 5%7i7'J^75 h'777y^TfTofe. 1 
0 0 fi gCO^>/N°^K€r**Jb^o 
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til 3 5 ~ 3 6 k D a ©etS*— ©n> K t. LTtfcttJ£*l£: (IB 1 2 

^1 2l(t hU^naSi/Tt h > fctJ t fz ± ? > A 9 K W x X ^ > 
yay hMC^l^it. SDS-PAGEIJ12. 5%7i"JJP75 h*X7 

;U7?fr o fc. ioongo^>/^K**ib&. Ii:^HTB 2 0 0 Mg. 
Il:o^Tli 5 0 0 m g©^w<^Jt&*lbl>&. 

*Jfc. HvNASl^aiJK^^ApaLItXhoI-e^J 0 m LrcKfM-^r^n — y t LT> tt* 
S.-Y^flijtf'J (A) + R N A fi5fctf)cDNA7 -f :7 U — * X ^ U — — > ^ L fc i: Z. 

n, je-©^ ■& i aa^tt*«o r F±fi*^AyT* o . cm^osMsi 

OsNASlOO^SlH^'J «rffi^J#-^ 1 6 > 75 J BE £94 £ IE#I#-*t 1 5 Kl^T . 

OsNASlWO RFSPC R LT^^~ pMAL-c 2tC^O-X>^L. 

OsNASl^ V )V | X/H > 5 s Y >^ynf'f ><DC^5ffi{CSS'nb7tfl^T^^TS 

«fc 5 Lfc. B^j'W^Jtfit I PTGiUO fSSitfS < tl*. 

in*ffi^T«)tte»lfc*III (E.coli) TS^ffltttti^ gjJ-&^>/1^ 

D^-T> - OsNASlSB-^- ^ >/t^RSfSlLT l> £ * 111 M © ffl J4 til #i ©-3f7t 

7t5> ( N A ) Tf*0, U->2«7;^-X/H>f 
D ^-f > - 0sNASli6-&^ >/f*Jt£5eSi LTV^^il© 0 . V— >3 

aYjM ,_ 7A ^ >? ^ > ^ : fDf^> - HvNASlS$-£* >/1^S5^SLl^5 

-oTzizZ.*>. -1" *T?tttt^^«LS{w«t 0««JtT«:< SITfe 

«3R36«»#SnT^fc (II 61) . 116 HH0sNASl©0RFS^O-y t Ufcy 
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& 2 illBI *<£M i«*>SlSttl & ]s — > \Z 5 p. g <£> RNA ^ 

ft- Lit. 

3 > ea-^-**fc«koT#6nfcHvNAsifc<afc77 t* Hy->7. o>o< ■% 

SAtNASK A t NAS 2 „ AtNAS3<hL<fco 

znz<n&te=?<Dm.mmmzmmmn 1 s cainasd . @s^j#^2o (ainas 

2) . IE^J#^2 2 ( AtNAS 3 ) C^tlfflSt. $fc!tl?>©7S 7 Si 6E #1 £: IE 
^17 (AtNASl) . KW»*19 (AtNAS 2 ) , S5*»J#^ 2 1 (AtNAS 3 ) C 

AtNASl. AtNAS 2, At NAS 3 ORF * PCRT *»« L T ^ 2 5 ~ pMAL-c2 K * n - =. > 

s s$ ■& * > a- * s * % m is t ^ * * M a © a a tu * <& - ^ ^ ^ ^ 5 > & * ® 14 * * 

(NA) iS- 7fyyJMftr/TM, u->2tt^;i'h-*/W>5 i -f>$ r 
>7=>r >y?*n5^ > - AtNASlW^*>^*«**3ibTV> 

0. ^>4I^M-XAOf^^DfO - AtNAS2»**>/1*K 
*«aLT^**»*03t>«>^* ^ • l/->5(^i^-^A'0f0^yD 
x< > - AtNAS 3 I* Hr* K*«8LT t»S*M<o • 

SiBO^lfiW 1 lTiB^**ffiC«fcDRT-PCR*ffofctC^, AtNASH4->P< 
7 ^X^ro«tttl±ffi-e5K3R^T:*^> AtNAS 2 HSTJt.a±*Tt,36SlT*5 
T, AtNAS3tt«©*T?ffi8ib-C^fc (mi 8 El) . mi 8 IH © - > M S 
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T. U — >C teAtNASlfe J:£KAtNAS2 <D 0R¥ ± -§t & i% %g L tz h <D ~C $> 0 , U— >1 
teAtNASl#Sfl«|&il}«Wffi-T* 0 . U - > 2 teAtNAS 2 W g ft & i£ ifl »r M"T $> 0 » 
U-> 3 «AtNAS3 WSW^ittfflWrM-rftS. 

A^=*»ai<0»»*ttStti(Siaa l g 0lBH2 0mg iCitT-S (Takagi 
1993). *5fiW#6 3ft«tftm >^fiJt«*ffitttt;itl*S3&i 

45 «fc tfSttOB: V* 3 0 k D a ^7 J- h*MLT^ 5:t^6, £ ti 6> O^y^ 

^^^tsctcio, 3 #^<d s-7f; : s )i *3 L Jr — >&m'£i-Tz><D\zm 
ftsnxufcu. £ <=> k h aw >-x r ^ > ^ ^ □ -x- >£<Dii-&^>A^ 

S-7f7yJMftr>i^-3f7t5 ^J^lSt^Mitt. S - 7 
5r/ ->;P^^*- > £ * £T5 * ^UXilto^SJSS^, fltt^^S — 7 

Sfctis. £ ns<&s*K «c^v>th:* it 

©Sfaft75 y«3aS©E«©S<Htt#l*i; SftTlr*5 (Hashimoto et al. 199 
8. Schluckebier et al. 1 995) „ 

- 14 - 



WO 99/57249 W " PCT/JP99/02305 

^ne>^^M^+i^i4^^^^*^^ sw ' raf « j: ^^ <h, ' i:btlT:fe0 (step 

han et al. 1994) . <i * f**4fc "C %> Bl * © «fU * « I- T ^ * - £ 6 tl 3 . 

l±< , >D< ^ ^x^-n^r^S ><£f$.mm&fc?*2 n->ftlT^5. £ 
fl5(OJtfi'?O^Dt-i'-«l*SJt«t«ui:i:J:0«*£l:J:5lfif3fiS 

75y»E?l©-». ffil<tt475;*05OXttT, «tD»Sb<»30- 

;ttil«$tiT^Uia. ^b<«, ft&©75 y«**XfcttJnbTv>T'b 
sealer. 
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Ifif «*At5JSit/TH. 4*fcttlStt&<. ^ ^ * - £ L T *> =t V> 

l (Itt^OHfi) 

(Hordeum vulgare L. cv It^A^*l^) £S 6 1± 7i 2& IK <D _h T 
56^S -S-T^ S«1PW«:*»* (Mori and Nishizawa 1987) £JEt^T. gSSftcT) 

t> t . ■^mmm<Du ^sMT/&W£-ttfc. fcmm<D p m*tt, o. sn hc i 

fc. TtcHf^O p Hfttt. 0. 5N NaOHSfflHTftB 7. 0fC-&t)-&fc. *t 

#ift#«*WfeJic*»*T?j*W3-ti-jfc. 1 ARK: l EISESr Lfc. 

^^^ffllitet 2 jURsmi^fcfg 4 . 5Ii:lf p p i/xfcVtrfmn 
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TT'\Z*f£Wm bififttk. Vtzmm^m (Higuchi et al. 1996a) &&WLtzJi 
WiZm^fc. IIiJW7 77-(5 0 mM Tr i s, 1 mM EDTA, 
3mM -^g 1 ^-^ U-f h — ;Kdi thiothrei tol) (^T» DTT<hlB&-f) . 1 0 u 
M (p_7 5^/7x-jp) ^ 9 > ^ JUzfr - )V 1 Jl'-t 7 -f K ( (p-amidinopheny 
1) methanesu! fonyl fluoride) (KT, p-APMSFtRt) . IOmM h 
7>7-l#+'>itf'>-*-D<'>*75F- — (tr 

ans-epoxysuccinyl-leucylamido-(4-guanidino) butane) (UJT, E-6 4i:B& 
-T) . pH8. 7)TA'7 7 7-3^1Sl/fc, A* •> 7 7 — £tfefc ttlfifl.3ia V -r 

k ^J^77U-C3LGC NMWL 1 0 0 0 0 (5U#T&) £ 

(77J/tAtt) iHi^S 2 0 w M O K^ttlL. 1 5ftm2 5 

fc. £/&£j£$j£>'U *yJHK 6 (<7 y h V >*t) &jav*ABHttJft ( 7 x / — 
;p : n - y ^ J — )l : ^Wt :tK=12:3:2:3) T?»JP nTh^^7^ — 
fCT^HILfc. Kj6£jStt<B;ttl*Stttt-r ^-y'7t7< f-B AS - 2 0 0 0 

j^T<75lf fmT^x 4 r ~en rnfyt^ >-&j£Sl^ s^tni#K: titifi 
Si 0 /iMiS;5J:5i:E-6 4 £ miJD L & . 

1 OiHiA'77 7- (0. 2M Tris. lOmM EDTA, 5 % ( v / 
v) ^'J-fc'J> (glycerol) , 1 0 mM DTT. 0. ImM E-64> 0. 
ImM p-APMSF, 5% (w/v) ^^14* U t'-Jl' f D U K > (polyvi 
nylpyrrol idone) (P V P ) , pH8. 0) SrinxT icMffl V a. — "tr— 5 ^+»-— £ 
JB^Tfi^Lfc. :tl^, 2 2, 5 0 0 x g 3 0 # IH T » 'C> & Ml L ±fll*Sfc. 
.:ncii7 > j Ez:>5r A£r#Si8S o . 4Mta5 t koi:Jnx 1 l Strang l 

22. 5 o o x g 3 o ftm-?m>bftn\s ±m&nfco 
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TSK^;U • yfil'ha/t- )V 6 5 0 M*7A(lV-ft. SlOOgSfcO 
A7i#SllOml) ***/^77- (2 0mM Tris.lmM EDT 
A, 3mM DTT, 0. 4M (NH<) 2SO4, 0. ImM p-APMSF, 

phs. o) T¥«ftL£fc©fwi£&a-«ji«&»L — ^t^s >&j&mm& 

i^{±J/^^^r — ( 1 0 m M Tris.lmM EDTA, 3 m M 
DTT. 0. ImM p-APMSF. 5%^U-fe'J> (glycerol) .0.05 
%Z- [ (3-?n75P^nt:^) ?*9-)V-T — 7" n > X Jl> * > 
Wt (3-[(3-cholaraidopropyl) dimethyl-ammonio] propanesul f oni c acid) (£(."F, 
CHAPStKt). pH8. 0)X*m&LtZo 

Mi^Sioi:. lMU>i* l J^AA'-y77- (pH8) ^HIIlmMi^ 
* «fc -5 K SB . lift * A v 7 t — (ImM K - P , lOmM K C l , 3mM 
DTT. 0. ImM p-APMSF. pH 8. 0) "C ¥■& it V fz k h* n ^ ;U 
7;^-fhlOO~ 3 5 0 ^7ya * 7 < th > 4^>/^J(l 0 0mg*fc 

c»^iioiii73-^-r-e(3ai^fej;e)t-TSKy*;p • y?^h3^-^6 5 om 

■ft ■? h. (^>/t^I10mgi5f:0A7Aftaitnl) ^®#$tir. ^3^7-^ 

&mrty 7 7— ( 2 0 m M Tris.lmM EDTA. 3 m M DTT. 
0. ImM p-APMSF, 0. 05% CHAPS. pH 8. 0) t¥i 
lklfcDEAEt770-XFF*7A (77^?->7tt. ^>/^S2 5mg 
*fc 0 * 7 2±{&m 5ml) l::©-3f7t5 > &&LWm £ fS tT » £B H # £il L . 
£-ffc# U A»K 0 . 05M. 0. 1M, 0. 15M, 0. 2 MTgrPgjgiii Lfc. 
- uJ-T-y 5 >-&^P^« 0 . 1 5 MT?gfcti£ tilt, 

TSK yjl-I-rJ^3^-il'6 5 0 M*7A (iV-tt. ffilOOgJ 
£ 0 7J 7A*I 10ml) *M/^»;77- (2 0mM Tris.lmM E 
D T A , 3mM DTT, 1. 2M (NH<) 2 S O « . 0. ImM p-APMS 
F. pH8. 0 ) T'¥-ffiitLtc*<DlZZ<D- n^Ti~S. > ^fiLM m & S tS m thM 
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^trH^^CD^y^ Fft£ 6C. 1 lX7^'J^75H^*Il»TKf->JHE 
itMJC7A _^ij7^ijjP75 Kyjl^t^l (BITSD S - PAGE tlS 
T) CiD^ibfc. SDS-PAGE»7ft. y;l/*0. 3M itfcfflT&fe 
LCDxanda et al. 1988 ) » Si V fc ^ 7 ^ F O A* > H ft « 0 *f U &. 
0. 25M EDTA/0. 25M Tris (pH 9. 0 ) ?Rfi L , ffl Hi 
A 7 7 - ( 1 * SDS, 25mM Tris,192mM ^'JyXglyc 
ine)iftCTO^*Ut. :n*SDSm»^f77- (2 5mM Tr 
is, 1 9 2mM^U ->>(glycine)) ft B V>T*»»!ffl L . ^ y ^ K ft 0 HX L 

mSlbfc-n^T^i >£/*Sisiift* *fl:i/7>ftffl^Tfl:^»»bfc (Gros 
s 1967) . 

sDs-PAGEi7i« > n s ft t? y ^ tt- k 1 otB&m 

<D7 0% (v/v) 1% (w/v) A{t->7>S»A4X:T?l*i^n» 

j&Lfco #M7t£> MtflcS^ftEI'Kb. HWEftSbfc. :n^SDS-PAG 
EflM^777-HSH. l*Sil:fit>&«. MJ~>>ftHrtf 1 6. 5% 
77IJJP75 ^J^ffl^^SDS-PAGE (Schagger and Jagow, 1987) "C, 
»#fi«ft»*l>fc. ^1^7tPVDFlt^7"f ^lK¥t (Towbin et al. 
1979) 7 5 F75^T*fiI/fc. jfefi £ *l& A* > F ft «l D # tt» 

yXrAXt) KJcO, *^7f K<ON*iffl*57 5y*E?'J*ft£Lfc. 

A^***<^c DNAC»UPCRtff^&. » •=> *l & D N A Iff H" ft 7 > ^ A 
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(SSift) l:«tt) [a- 32 P] dATPTSWl^Lfcfe©^ 
7D-7tLT, «^2*3*-A^«#'J (A) *RNA^6»IIl/fcp YH2 3 
cDNA7<77'J-S7i"J-^>^l/:. Wtf;cDNA^n->|:on 

DSQ-1000L lr>T*Sffi*U£ftJ£Lfc. 

HvNASl^faJISlPlitApaLI <hXhoIT«l 9fciiL£:l#r>f£-/a — /tit, 0*^5. * 
^S^U (A) +RNAS5fe(DcDNA'7-r U -*X^7 U -^>^L7to b ;t cDNA;7 

>+)- — DSQ-2000L£ffi ^Tt£SIE?!l Lfc. 

i'D'fJt tXtOA C 0 0 3 1 1 4 iAB 0 0 5 2 4 5 CD^Sia^'J fcg^l,-* T 
-S-fiRLfcy^'rv — yD-f^tXtffi^VADNAHMLTPCR^fr 

7t) *5j:tfft**DNAi' — -Jr>1*-— DSQ- 1 0 0 0 L&m ^TttSK^J Sftjg 

§£M0iJ 6 (N A S 1 ? Wt^RCD^MT^SBS) 

PCRlCtD, HvNASl cDNA<7)glN<DATG<Z3±^f::EcoRI1*-1'hi£:, 
<ftihnK><Z)T8ftfcPs t I*±^BamHIiJ-'f h*#Al/tWfr**«Lfc. 

e.n&HJfiK*l* Ec oR I U--f htBamH I -9"-f HtJS^TpB 1 u 
e s c r i p t I I S K - \Z 7 9 o - — > 9 L , ttSEJ***! l/V^ t ** 
IgLfc. ^tEcoRI hiPs t I U--f h t^TpMAL-c 2 i7 D 

— - >^7* L , HvNASl b— 7;AW>'X^ >^7"Pr<>(DC*®!CiJ^Lfc 

PCRHJ: D , OsNASl (E>g#J<Z>ATG<£>_hM{3:EcoRI-y--f K £ . *5lt 3 H > <D T 3f£ tdH 
i nd 1 1 h £agA L ffR Lfc. *T» 6 *EcoRIiJ--f hi 

HindHIU-'T h ^ T pB 1 uescr i p 1 1 1 SK-fCit ^ ^ D — ~ > ^ L , tttSEWtfiE 
H>:tiiBbt. &£EcoRI-*J--f h iHindl I Iif-f HSffl^T pMAL-c l\Z 9 U — 
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- > // L . osnasi*«t;i/ h — 7,n-( 4 > V -Jut >v> cmi&\z §&£i^rz& 

t?^S1"5 J; -5 \z Lit. 

PCRtdJcD, AtNASK AtNAS 2 » At NAS 3 © flk #J <7) ATG<£> _k»E EcoRIx -f h*. & 

£EcoRI-y--T h iXbal-x-r b £/B ^TpBluescriptl I SK-lC If ~f >7 U — — > 9 L „ 
*35IE^J5a*iE b ^ £ £ Lit. & {'EcoRII* h £XbaI-*-f HSJfiHTplIAL- 

c2C^D-->^t. AtNASK AtNAS 2 , AtNAS 3 ifi J ttl j etl'V JV b - X A<* > x 

^©S$'&^>/^S*ll^-&'5^ii^ T ^ ,l§ ^ (E.coli strain XL1- 
Blue) SJfl^fc. pMAL-c 2-HvNASltpMAL-c 2 4ftlftlXL 
1 - B 1 u e i:#At» T>fcf->U >tf H^-tJ-'f 9 'J >£^tl^*l5 0<ig/ 
ml^tfLB*ft-?OD 6 0 0 *<0. 7 tt«iL . -f V 7" o 

tJM-D-ft^^ntJyyi/F (ipto nn^o. 3mMta« 

NaCl, lmM EDTA, 3mM DTT, 0. 1 mM E-64**tfl 
0 mM h 'J 7, A-y 7 7 ~ pH7. 4 MM L W.W^. M T fttS b fc . dtl*** 
4>Tli!fl?b 1 5 ^IBKOiS Wafers* 1 OEfr^fc. # en^ffiftSai^lW- n^T 

HvNASl cDNAS, Hindi I ItNot IT?«»rKfcDNA»rtf-* [a 
- 3:! P] d AT PT^^«g^^bfcfc©*yn-y<i: bTy -If >A-f y U ^-r 
if— -> 3 >*fr^fc. ttA^SiRN A&t&lti L (Naito et al. 1988) , 1 
4% 7 Xu-7,7)inm.foW}lZ±r)ftMLfzm. A<3t?>H-N + R (7v->i- 
Aft) KHE^Lfc. OsNASKBORFfffl-* [ a - 3 2 P 3 dATPT?tt*rtB«tt b it © £ 
yo-^tlT 7 — if>A< 7U^^ -t?~ -> 3 > £ -3 £: „ -f £ :£RNA£&ai 
Ll.«7^D-xy;U*St*»C«fc0»«lbfcft. A-f K-N + St <7^>"V 
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A£t) 0 . 5M + >Bt (Church and Gilbert 1984) 

ImM EDTA, 7% (w/v) SDS, 1 0 0 y g/m 1 iry^HDNAS 

OmMft-f^l, 1% ( w / v ) 51^16 5t 

1 0 SrlWifei* Lfc. C fe -5 1 Hfro 0. 2xSSPE, 0. 1% 

(w/v) SDS**tfMv77-*ffl^T6 5ri 0»IBft#Lfc, ttWiStt 
S'f ^-*>*77-7'f I !f-BAS- 2 0 0 OT&tiiU/c. 

9 i 6Btst. 

uss^j 8 (-y-+f>/\-r ^-r -tf— 3 >) 

ttA^t^^roi^b^n^tl^rV ADNASffltiilfc. d tl £ B amH I , 
SS^SEcoRI. »5HliHi n d I I I TsffiFfit V . 0 . 8 % ( w / v ) 

^m^m i o Eiic^-r. 
mmm 9 u ^ n — ^^etfrowft) 

2 B5*#«J 1 0 0 u g©«Lfc-nf 7t = *8tlR £ lift 

iSLfCo fitJRtbTtt«4r75VKia?y*j*SUfc , b»i:RIi;ttfl.ftfl|^fc. l 

7yaA> h^ffl^fc. 4 EI ftgE L & « . ±«Jh*fT lr> , jfiL if £ - 8 0 "C T «# 

Hl^l 1 0 <^X7. 37 >y o v hffi-tii) 

b >J £ n oSti7t h >£JB HT±^ >/^^K*J*til bfc (Damerval et al. 
1986) . tttt#£«#S**T8mfcfc<5*Tl&»'L, 1 0 % (w/ v ) MJ 
nnii, 0. 1% ( v / v ) 2 — ;* JP^7 ~f V x ^7 y — )V (2-mercaptoethanol) 
&<atS7-t h > LM&Lfc. - 20tTl RfflttB b T * ^ K * 8tlR £ * & 
I, 16, OOOxg 30 fl-iS^ LTi£lft*IsliK Ufc. %JR£ 0 . 1 % ( v / 
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v) 2-^;U^^HX^/-^"(2-aiercaptoethanol) 7ir h > \Z^M b . 

-20«l»Mlt^>^«»l«*fc«. 16, 0 0 0 xgt30 
»a^bTitlRftH«^fc. «tlRft*ffitt»^fc*^ K»^-^r- (9. 5M 
»* (urea) . 2% (w/v) MJ h > - X - 1 0 0 (Triton X-100) . 5% 

(v/v) 2-ME) 16, 0OOxgl0#a*LT±i***fc. 

:ncm^>^**SDS-PAGE, **V>tt*tt 2 

(O'Farrell 1975) PVDFilC^bt. ^BiKttbT. ft 

^-mKt^xigG (H+L) <*.*3*lg) *2**#tb 

mil2H:^ SDS-PAGE«12. 5 X 7 * «J * 7 5 P * * * 

^ffifflll (RT-PCR) 

.potxt^^affiu *oi . g ^^^ EZ rTth RNA PCR 

^ >yh ( „_*>x;i^-*t> *J8V>TRT-PCR*frofc. 

AtNAs 2 . A tNAS3*n*ncw*wfr*)®*«^*:. »*ft«i 8Ba^r. 
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W jfc <n te m 



3Tv o 

3 . SE$y%<D£5l#^- 1. 3, 5. 7, 9. 1 lXlii 3 t^Stl5 7 5 7 &IE 
£'J £ ^ T 3 f « 3fc CO ® H fg 1 !Xtt«2 JS(C IE i£cD- 3^7^-5 > fig IP sis 0 



4. 7vh*F7"^X&*<7)fc<7)Tifc39f;fcC9$£llIffll 3StC*<Z) - n^7^- 5 > 
£-fifegPSl„ 

5. mmm.<Dm&m^ 1 7 , 1 9x1*2 1 c^*ns75 /*Eju*#-r*w* 

6. ^ *m&<Dh(D^&&mj!ii<D&ffls$ im\zmm<D-zi^7-i- 5. >&&t.mm<, 

8. if3R<7DiEia^i~7]i©^^-rn3{)WciB®sn-5)r.35 i 7r>-5>-&^^^<^7 

1 0 . SE^m^SE 2, 4, 6. 8. 10, 12 Xtt 1 4 fc^snsjfiaSE 

w&if-rzmjSKDmmm 8 jsxteig 9 3ttciESt corner. 

ll.Eai*<Z>eai##18. 2 0X112 2 tlSmSK^J^#-r-5lf 5fc<Z> 

mmm 8 9 js^ies corner. 

1 2. m&nmmm 8 ~ 1 1 ^m>rnaMciE®<7)Mfi^£#wLT&.5^^ ^ 

o 

1 3. ^ ^-#tf£3g^ $ -~c$>z>m3t<Dffi.WWi 1 2 ^lCiE®CD^:^ 

1 4 . m&cD&ww, 1 2*i3u±^i 3JSiciE@$nfc^^ $ — 
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6, 18, 2 0XB2 2i:5SSnS*iEM*tt5lfi?f ****OiHj6 

1 6. «^*«««aT**fl*ro«EBB* 1 4JSXttff§ 1 5 JSfce*0te*«»*. 
18 |f^^^g^i4~i7 JH©^-rn^K:Sa*$nfc»R<E!ftfr*ffl^T — 

i9. »$a«£isa5 8 ~ i oJHovi-rnAwiiEawjie^^^Asnfc**. 

2 0. m^-C*&2>m&<D®.®& 1 9*t:E««)t*. 

2 1 . M SB 1 9 JSXttiS 2 0 £ IE® 0«ft$4f ^ti 5 nfclH^. 

23. 3j- .j ? p-^-jPfit«:Tf»«)ll!*<0«ffl» 2 2 JS£E*©tfE*. 
2 4. □ -^jHft#T**!S#<0«ffl« 2 2 £ CIS* Win&o 

2 5. M^brnfTt^^ii^ttHit^i:, ^-A^f7-1i 

2 6 f ^-;^Df7-€E*i*«E-6 4 T * S <D«BBSS 2 5*K:Ett 
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19 

37 

55 

73 

91 

109 

127 

145 

163 

181 

199 

217 

235 

253 

271 

289 

307 

325 



GCG TTC AGA GGC TTC CAG AGT TCT TCC GGT CAC CAA GAA GCA TTT GAT CAT AAC 54 

ATG GAT GCC CAG AAC AAG GAG GTC GCT GCT CTG ATC GAG AAG ATC GCC GGT ATC 108 
M ^D AQNKEVAALIEKIAGI 

CAG GCC GCC ATC GCC GAG CTG CCG TCG CTG AGC CCG TCC CCC GAG GTC GAC AGG 162 
_Q A_ AIAELPSLSPSPEVDR 

CTC TTC ACC GAC CTC GTC ACG GCC TGC GTC CCG CCG AGC CCC GTC GAC GTG ACG 216 
LFTDLVTACVPPSPVDVT 

AAG CTC AGC CCG GAG CAC CAG AGG ATG CGG GAG GCT CTC ATC CGC TTG TGC TCC 270 
KLSPEHQR M^ . R E A L i R L C S 

GCC GCC GAG GGG AAG CTC GAG GCG CAC TAC GCC GAC CTG CTC GCC ACC TTC GAC 324 
AAEGKLEAH YADLLAT FD 

AAC CCG CTC GAC CAC CTC GGC CTC TTC CCG TAC TAC AGC AAC TAC GTC AAC CTC 378 
NPLDHLGLFPYYSNYVNL 

AGC AGG CTG GAG TAC GAG CTC CTG GCG CGC CAC GTG CCG GGC ATC GCG CCG GCG 432 
SRLEYELLARHVPGIAPA 

CGC GTC GCC TTC GTC GGC TCC GGC CCG CTG CCG TTC AGC TCG CTC GTC CTC GCC 486 
RVAFVGSGPLPFSSLVLA 

GCG CAC CAC CTG CCC GAG ACC CAG TTC GAC AAC TAC GAC CTG TGC GGC GCG GCC 540 
AHHLPETQFDNYDLCGAA 

AAC GAG CGC GCC AGG AAG CTG TTC GGC GCG ACG GCG GAC GGC GTC GGC GCG CGT 594 
NERARKLFGATADGVGAR 

ATG TCG TTC CAC ACG GCG GAC GTC GCC GAC CTC ACC CAG GAG CTC GGC GCC TAC 648 
M^S F H T A D V A DLTQELGAY 
® 

GAC GTG GTC TTC CTC GCC GCG CTC GTC GGC ATG GCA GCC GAG GAG AAG GCC AAG 702 
DVVFLAALVGMAAEEKAK 

GTG ATT GCC CAC CTG GGC GCG CAC ATG GTG GAG GGG GCG TCC CTG GTC GTG CGG 756 
VIAHLGAHMVEGASLVVR 

AGC GCA CGG CCC CGC GGC TTT CTT TAC CCC ATT GTC GAC CCG GAG GAC ATC AGG 810 
SARPRGFLYP I V D ^P E D I R 

CGG GGT GGG TTC GAG GTG CTG GCC GTG CAC CAC CCG GAA GGT GAG GTG ATC AAC 864 
RGGFEVLAVHH P E G E V I N 



TCT GTC ATC GTC GCC CGT AAG GCC GTC GAA GCG CAG CTC AGT GGG CCG CAG AAC 918 
SVIVAR KAV EAQLSGPQN 

GGA GAC GCG CAC GCA CGG GGC GCG GTG CCG TTG GTC AGC CCG CCA TGC AAC TTC 972 
GDAHARGAVPLVSPPCNF 

TCC ACC AAG ATG GAG GCG AGC GCG CTT GAG AAG AGC GAG GAG CTG ACC GCC AAA 1026 
STKMEA SALEKSEELTAK 

GAG CTG GCC TTT TGA TTG AAG AGT GCG CGT GGT CAT TCT GTC GCC TGC GAT CGT 1080 
E L A F * 

GGT AAC TTT CCT ACT CGT GTG TGT TTT GAT GTT TGT GCC TGT AAG AGT TAT GCT 1134 

TCC GGC CTT GTG CTG TTA ATT TAC ACG CGT TAC ATG TAG TAC TTG TAT TTA TAC 1188 

CTG GAA TAA CGG TAT GTA ACA TAA ATA TTA GTG GGA TTT GAA GTG TAA TGC TAA 1242 
ATA ATA AGA AAA CTT GAT GCA GAC ATT CAA AAA AAA AAA AAA AAA AAA AAA AA 
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HvNAS4 MDGQSE- - EVDALVQKITGLHAAIAKLPSLSPSPDVDALFTDL^ACVPPSPVDVTKUP 

HvNAS7 MDAQSK- - EVDALVQKITGLHAAI AKLPSLSPSPDVDALFTDLVTACVPPSPVDVTKLAP 

HvNAS6 MDAQNK- - EVDALVQKITGLHAAIAKLPSLSPSPDVDALFTDLVTACVPPSPVDVTKLGS 

HvNAS2 MAAQNN-QEVOALVEKITGLHAAIAKLPSLSPSPOVDALFTELVTACVPPSPVDVTKLGP 

HvNAS3 MAAQNNNKDVAALVEKITGLHAAIAKLPSLSPSPDVDALFTELVTACVPPSPVDVTKLGP 

HvNASI MDAQNK- - EVAALIEKIAGIQAAIAELPSLSPSPEVDRLFTDLVTACVPPSPVDVTKLSP 

HvNAS5 MEAENG- -EVAALVEKITGLHAAISKLPALSPSPQVDALFTELVAACVPSSPVDVTKLGP 

* ****** *** ** ***** ** *** ** **** ******** 

HvNAS4 EAQAMREGLIRLCSEAEGKLEAHYSDMLAAFDNPLDHLGVFPYYSNYINLSKLEYELLAR 

HvNAS7 EAQAMREGLIRLCSEAEGKLEAHYSDMLAAFDNPLDHLGVFPYYSNYINLSKLEYELLAR 

HvNAS6 EAQEMREGLIRLCSEAEGKLEAHYSOMLAAFONPLDHLGMFPYYSNY-INLSKLEYELLAR 

HvNAS2 EAQEMREGLIRLCSEAEGKLEAHYSDMLAAFDKPLDHLGMFPYYNNYINLSKLEYELLAR 

HvNAS3 EAQEMREGLIRLCSEAEGKLEAHYSDMLAAFDNPLDHLGIFPYYSNYINLSKLEYELLAR 

HvNASI EHQRMREALIRLCSAAEGKLEAHYADLLATFDNPLDHLGLFPYYSNYVNLSRLEYELLAR 

HvNAS5 EAQEMRQDLIRLCSAAEGLLEAHYSDMLTALDSPLDHLGRFPYFDNYVNLSKLEHDLLAG 

* * ** ****** *** ***** * * * ****** *** ** *** ** *** 

HvNAS4 YVPGRHRPARVAFIGSGPLPFSSYVLAARHLPDTVFDNYDLCGAANDRATRLFRADKD - V 

HvNAS7 YVPGGIAPARVAFIGSGPLPFSSYVLAARHLPDTVFDNYVPVRAANDRATRLFRADKD • V 

HvNAS6 YVPGGIARPAVAFIGSGPLPFSSYVLAARHLPDAMFDNYDLCSAANDRASKLFRADKD - V 

HvNAS2 YVPGGYRPARVAFIGSGPLPFSSFVLAARHLPDTMFDNYDLCGAANDRASKLFRADRD - V 

HvNAS3 YVRR • HRPARVAFIGSGPLPFSSFVLAARHLPDTMFDNYDLCGAANDRASKLFRADTD - V 

HvNASI HVPG - IAPARVAFVGSGPLPFSSLVLAAHHLPETQFDNYDLCGAANERARKLFGATADGV 

HvNAS5 HVAA - - - PARVAFIGSGPLPFSSLFLATYHLPDTRFDNYDRCSVANGRAMKLVGAADEGV 
* *** ********* ** *** **** ****** * 

HvNAS4 GARMSFHTADVADLTDELATYDVVFLAALVGMAAEDKAKVIAHLGAHMADGAALV - - ARH 

HvNAS7 GARMSFHTADVADLTDELATYDWFLAALVGMAAEDKGQGDPHLGAHMADGAALVR - SAH 

HvNAS6 GARMSFHTADVADLTRELAAYOWFLAALVGMAAEDKAKVIPHLGAHMADGAALVV - RSA 
HvNAS2 6ARMSFHTADVADLAGELAKYDVVFLAALVGMAAEDKAKVIAHLGAHMADGAALVVRSAH 
HvMAS3 GARMSFHTADVADLASELAKYOWFLAALVGMAAEDKAKVIAHLGAHMADGAALVVRSAH 
HvNASI GARMSFHTADVADLTQELGAYDVVFLAALVGMAAEEKAKVIAHLGAHMVEGASLVV - RSA 
HvNAS5 RSRWFHTAEVTDLTAELGAYDVVFLAALVGMTSKEKADAIAHLGKHMADGAVLVREALH 
** **** * ** ** ************ * ******* ** 

HvNAS4 GARGFLYPIVDPQDI6RGGFEVLAVCHPO - ODVVNSVI IAQKSNDVHEYGLGSGR - -GGR 
HvNAS7 GARGFLYPIVDPQD IGRGGFEVLAVCHPD - DDWNSVI IAQKSKDMFANGPRNGC - -GGR 
HvNAS6 QARGFLYP IVDPQD IGRGGFEVLAVCHPD - DDWNSVI I AHKSKDVHANERPNGR - -GGQ 
HvNAS2 GARGFLYPIVDPQDIGRGGFEVLAVCHPD - DDWNSVI IAQKSKDVHADGLGSGRGAGGQ 
HvNAS3 GARGFLYPIVDPQDIGRGGFEVLAVCHPD - DDWNSVI I AQKSKEVHADGLGSARGAGRQ 
HvNASI RPRGFLYPIVDPEDIRRGGFEVLAVHHPE -GEVINSVIVARKAVEAQLSGPQNGD - - - - A 

HvNAS5 GARAFLYPVVELDDVGRGGFQVLAVHHPAGDEVFNSFI VARKVKMSA 

* **** * * **** **** ** ****** 

HvNAS4 YARGTWPVVSPPCRFG - EMVADVTQ - - KREEFANAEVAF 
HvNAS7 YARG - TVPVVSPPC R FG - EMVADVTQ * - KREEFAKAEVAF 
HvNAS6 YRGA- -VPVVSPPCRFG-EMVADVTH- - KRFJEFTNAEVAF 
HvNAS2 YARG-TVPVVSPPCRFG- EMVADVTQNHKRDEFANAEVAF 
HvNAS3 YARG - TVPWSPPCR FG- EMVADVTQNHKRDEFANAEVAF 
HvNASI HARG- AVPLVSPPCNFSTKMEASALE- - KSEELTAKELAF 
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SEQUENCE LISTING 
< 1 1 0> Japan Science And Technology Corporation 

< 1 2 0> Nicot ianaraine synthase, genes coding n i co t i anamine synthase 

<130> PA906235 

<160> 22 

<210> 1 
<2 1 1 > 328 
<212> PRT 

<213> Hordeum vulgare L. 
<400> 1 



Met 


Asp 


Ala 


Gin 


Asn 


Lys 


Glu 


Val 


Ala 


Ala 


Leu 


He 


Glu 


Lys 


He 


15 


Ala 


Gly 


lie 


Gin 


Ala 


Ala 


He 


Ala 


Glu 


Leu 


Pro 


Ser 


Leu 


Ser 


Pro 


30 


Ser 


Pro 


Glu 


Val 


Asp 


Arg 


Leu 


Phe 


Thr 


Asp 


Leu 


Val 


Thr 


Ala 


Cys 


45 


Val 


Pro 


Pro 


Ser 


Pro 


Val 


Asp 


Val 


Thr 


Lys 


Leu 


Ser 


Pro 


Glu 


His 


60 


Gin 


Arg 


Met 


Arg 


Glu 


Ala 


Leu 


He 


Arg 


Leu 


Cys 


Ser 


Ala 


Ala 


Glu 


75 


Gly 


Lys 


Leu 


Glu 


Ala 


His 


Tyr 


Ala 


Asp 


Leu 


Leu 


Ala 


Thr 


Phe 


Asp 


90 


Asn 


Pro 


Leu 


Asp 


His 


Leu 


Gly 


Leu 


Phe 


Pro 


Tyr 


Tyr 


Ser 


Asn 


Tyr 


105 


Val 


Asn 


Leu 


Ser 


Arg 


Leu 


Glu 


Tyr 


Glu 


Leu 


Leu 


Ala 


Arg 


His 


Val 


120 


Pro 


Gly 


He 


Ala 


Pro 


Ala 


Arg 


Val 


Ala 


Phe 


Val 


Gly 


Ser 


Gly 


Pro 


135 


Leu 


Pro 


Phe 


Ser 


Ser 


Leu 


Val 


Leu 


Ala 


Ala 


His 


His 


Leu 


Pro 


Glu 


150 


Thr 


Gin 


Phe 


Asp 


Asn 


Tyr 


Asp 


Leu 


Cys 


Gly 


Ala 


Ala 


Asn 


Glu 


Arg 


165 


Ala 


Arg 


Lys 


Leu 


Phe 


Gly 


Ala 


Thr 


Ala 


Asp 


Gly 


Val 


Gly 


Ala 


Arg 


180 


Met 


Ser 


Phe 


His 


Thr 


Ala 


Asp 


Val 


Ala 


Asp 


Leu 


Thr 


Gin 


Glu 


Leu 


195 
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Gly 


Ala 


Tyr 


Asp 


Val 


Val 


Ala 


Glu 


Glu 


Lys 


Ala 


Lys 


Val 


Glu 


Gly 


Ala 


Ser 


Leu 


Phe 


Leu 


Tyr 


Pro 


He 


Val 


Phe 


Glu 


Val 


Leu 


Ala 


Val 


Ser 


Val 


He 


Val 


Ala 


Arg 


Pro 


Gin 


Asn 


Gly 


Asp 


Ala 


Ser 


Pro 


Pro 


Cys 


Asn 


Phe 


Glu 


Lys 


Ser 


Glu 


Glu 


Leu 



Phe 


Leu 


Ala 


Ala 


Leu 


Val 


Val 


He 


Ala 


His 


Leu 


Gly 


Val 


Val 


Arg 


Ser 


Ala 


Arg 


Asp 


Pro 


Glu 


Asp 


He 


Arg 


His 


His 


Pro 


Glu 


Gly 


Glu 


Lys 


Ala 


Val 


Glu 


Ala 


Gin 


His 


Ala 


Arg 


Gly 


Ala 


Val 


Ser 


Thr 


Lys 


Met 


Glu 


Ala 


Thr 


Ala 


Lys 


Glu 


Leu 


Ala 



Gly Met Ala 210 

Ala His Met 225 

Pro Arg Gly 240 

Arg Gly Gly 255 

Val He Asn 270 

Leu Ser Gly 285 

Pro Leu Val 300 

Ser Ala Leu 315 

Phe 328 



<210> 2 
<2 1 1 > 1295 
<212> DNA 

<213> Hordeum vulgare L. 
<400> 2 

10 20 30 40 50 60 

GCGTTCAGAG GCTTCCAGAG TTCTTCCGGT CACCAAGAAG CATTTGATCA TAACATGGAT 

70 80 90 100 110 120 

GCCCAGAACA AGGAGGTCGC TGCTCTGATC GAGAAGATCG CCGGTATCCA GGCCGCCATC 

130 140 150 160 170 180 

GCCGAGCTGC CGTCGCTGAG CCCGTCCCCC GAGGTCGACA GGCTCTTCAC CGACCTCGTC 

190 200 210 220 230 240 

ACGGCCTGCG TCCCGCCGAG CCCCGTCGAC GTGACGAAGC TCAGCCCGGA GCACCAGAGG 

250 260 270 280 290 300 
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ATGCGGGAGG CTCTCATCCG CTTGTGCTCC GCCGCCGAGG GGAAGCTCGA GGCGCACTAC 



310 320 330 340 350 360 

GCCGACCTGC TCGCCACCTT CGACAACCCG CTCGACCACC TCGGCCTCTT CCCGTACTAC 

370 380 390 400 410 420 

AGCAACTACG TCAACCTCAG CAGGCTGGAG TACGAGCTCC TGGCGCGCCA CGTGCCGGGC 

430 440 450 460 470 480 

ATCGCGCCGG CGCGCGTCGC CTTCGTCGGC TCCGGCCCGC TGCCGTTCAG CTCGCTCGTC 

490 500 510 520 530 540 

CTCGCCGCGC ACCACCTGCC CGAGACCCAG TTCGACAACT ACGACCTGTG CGGCGCGGCC 

550 560 570 580 590 600 

AACGAGCGCG CCAGGAAGCT GTTCGGCGCG ACGGCGGACG GCGTCGGCGC GCGTATGTCG 

610 620 630 640 650 660 

TTCCACACGG CGGACGTCGC CGACCTCACC CAGGAGCTCG GCGCCTACGA CGTGGTCTTC 

670 680 690 700 710 720 

CTCGCCGCGC TCGTCGGCAT GGCAGCCGAG GAGAAGGCCA AGGTGATTGC CCACCTGGGC 

730 740 750 760 770 780 

GCGCACATGG TGGAGGGGGC GTCCCTGGTC GTGCGGAGCG CACGGCCCCG CGGCTTTCTT 

790 800 810 820 830 840 

TACCCCATTG TCGACCCGGA GGACATCAGG CGGGGTGGGT TCGAGGTGCT GGCCGTGCAC 
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850 860 870 880 890 900 

CACCCGGAAG GTGAGGTGAT CAACTCTGTC ATCGTCGCCC GTAAGGCCGT CGAAGCGCAG 

910 920 930 940 950 960 

CTCAGTGGGC CGCAGAACGG AGACGCGCAC GCACGGGGCG CGGTGCCGTT GGTCAGCCCG 

970 980 990 1000 1010 1020 

CCATGCAACT TCTCCACCAA GATGGAGGCG AGCGCGCTTG AGAAGAGCGA GGAGCTGACC 

1030 1040 1050 1060 1070 1080 

GCCAAAGAGC TGGCCTTTTG ATTGAAGAGT GCGCGTGGTC ATTCTGTCGC CTGCGATCGT 

1090 1100 1110 1120 1130 1140 

GGTAACTTTC CTACTCGTGT GTGTTTTGAT GTTTGTGCCT GTAAGAGTTA TGCTTCCGGC 

1150 1160 1170 1180 1190 1200 

CTTGTGCTGT TAATTTACAC GCGTTACATG TAGTACTTGT ATTTATACCT GGAATAACGG 

1210 1220 1230 1240 1250 1260 

TATGTAACAT AAATATTAGT GGGATTTGAA GTGTAATGCT AAATAATAAG AAAACTTGAT 

1270 1280 1290 1300 

GCAGACATTC AAAAAAAAAA AAAAAAAAAA AAAAA 



<210> 3 
<211> 335 
<212> PRT 

<213> Hordeum vulgare L. 
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<400> 3 



Met 


Ala 


Ala 


Gin 


Asn 


Asn 


Gin 


Glu 


Val 


Asp 


Ala 


Leu 


Val 


Glu 


Lys 


15 


He 


Thr 


Gly 


Leu 


His 


Ala 


Al a 


He 


Ala 


Lys 


Leu 


Pro 


Ser 


Leu 


Ser 


30 


Pro 


Ser 


Pro 


Asp 


Val 


Asp 


Ala 


Leu 


Phe 


Thr 


Glu 


Leu 


Val 


Thr 


Ala 


45 


Cys 


Val 


Pro 


Pro 


Ser 


Pro 


Val 


Asp 


Val 


Thr 


Lys 


Leu 


Gly 


Pro 


Glu 


60 


Ala 


Gin 


Glu 


Met 


Arg 


Glu 


Gly 


Leu 


He 


Arg 


Leu 


Cys 


Ser 


Glu 


Ala 


75 


Glu 


Gly 


Lys 


Leu 


Glu 


Ala 


His 


Tyr 


Ser 


Asp 


Met 


Leu 


Ala 


Ala 


Phe 


90 


Asp 


Lys 


Pro 


Leu 


Asp 


His 


Leu 


Gly 


Met 


Phe 


Pro 


Tyr 


Tyr 


Asn 


Asn 


105 


Tyr 


I le 


Asn 


Leu 


Ser 


Lys 


Leu 


Glu 


Tyr 


Glu 


Leu 


Leu 


Ala 


Arg 


Tyr 


120 


Val 


Pro 


Gly 


Gly 


Tyr 


Arg 


Pro 


Ala 


Arg 


Val 


Ala 


Phe 


He 


Gly 


Ser 


135 


Gly 


Pro 


Leu 


Pro 


Phe 


Ser 


Ser 


Phe 


Val 


Leu 


Ala 


Ala 


Arg 


His 


Leu 


150 


Pro 


Asp 


Thr 


Me t 


Phe 


Asp 


Asn 


Tyr 


Asp 


Leu 


Cys 


Gly 


Ala 


Ala 


Asn 


165 


Asp 


Arg 


Ala 


Ser 


Lys 


Leu 


Phe 


Arg 


Ala 


Asp 


Arg 


Asp 


Val 


Gly 


Ala 


180 


Arg 


Met 


Ser 


Phe 


His 


Thr 


Ala 


Asp 


Val 


Ala 


Asp 


Leu 


Ala 


Gly 


Glu 


195 


Leu 


Ala 


Lys 


Tyr 


Asp 


Val 


Val 


Phe 


Leu 


Ala 


Ala 


Leu 


Val 


Gly 


Met 


210 


Ala 


Ala 


Glu 


Asp 


Lys 


Ala 


Lys 


Val 


He 


Ala 


His 


Leu 


Gly 


Ala 


His 


225 


Met 


Ala 


Asp 


Gly 


Ala 


Ala 


Leu 


Val 


Val 


Arg 


Ser 


Ala 


His 


Gly 


Ala 


240 


Arg 


Gly 


Phe 


Leu 


Tyr 


Pro 


He 


Val 


Asp 


Pro 


Gin 


Asp 


He 


Gly 


Arg 


255 


Gly 


Gly 


Phe 


Glu 


Val 


Leu 


Ala 


Val 


Cys 


His 


Pro 


Asp 


Asp 


Asp 


Val 


270 


Val 


Asn 


Ser 


Val 


He 


He 


Ala 


Gin 


Lys 


Ser 


Lys 


Asp 


Val 


His 


Ala 


285 


Asp 


Gly 


Leu 


Gly 


Ser 


Gly 


Arg 


Gly 


Ala 


Gly 


Gly 


Gin 


Tyr 


Ala 


Arg 


300 


Gly 


Thr 


Val 


Pro 


Val 


Val 


Ser 


Pro 


Pro 


Cys 


Arg 


Phe 


Gly 


Glu 


Met 


315 


Val 


Ala 


Asp 


Val 


Thr 


Gin 


Asn 


His 


Lys 


Arg 


Asp 


Glu 


Phe 


Ala 


Asn 


330 


Ala 


Glu 


Val 


Ala 


Phe 
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<210> 4 
<2H> 1342 
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<212> DNA 

< 2 1 3> Hordeum vulgare L. 
<400> 4 

10 20 30 40 50 60 

CTCCTGTGCC TGTCCTGAGG TACCAAGAAC ACCAGTGAAA TGGCTGCCCA GAACAACCAG 

70 80 90 100 110 120 

GAGGTGGATG CCCTGGTGGA GAAGATCACC GGGCTCCATG CCGCAATCGC CAAGCTGCCG 

130 140 150 160 170 180 

TCGCTCAGCC CATCCCCGGA CGTCGACGCG CTCTTCACGG AGCTGGTCAC GGCGTGCGTT 

190 200 210 220 230 240 

CCACCGAGTC CAGTGGACGT GACCAAGCTC GGGCCGGAGG CGCAGGAGAT GCGGGAGGGC 

250 260 270 280 290 300 

CTCATCCGCC TATGCTCCGA GGCCGAGGGG AAGCTGGAGG CGCACTACTC CGACATGCTC 

310 320 330 340 350 360 

GCCGCCTTCG ACAAGCCGCT GGATCACCTC GGCATGTTCC CCTACTACAA CAACTACATC 

370 380 390 400 410 420 

AACCTCAGCA AGCTCGAGTA CGAGCTCCTG GCCCGCTACG TGCCTGGCGG CTATCGCCCG 

430 440 450 460 470 480 

GCGCGCGTCG CGTTCATCGG CTCCGGCCCG CTGCCGTTCA GCTCCTTTGT CCTGGCCGCG 

490 500 510 520 530 540 
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CGCCACCTGC CCGACACCAT GTTCGACAAC TATGACCTGT GCGGTGCGGC CAACGATCGC 

550 560 570 580 590 600 

GCCAGCAAGC TCTTCCGCGC GGATCGCGAC GTGGGTGCCC GCATGTCGTT CCACACGGCC 

610 620 630 640 650 660 

GACGTCGCGG ACCTCGCCGG CGAGCTCGCC AAGTACGACG TTGTCTTCCT GGCCGCACTC 

670 680 690 700 710 720 

GTCGGCATGG CCGCCGAGGA CAAGGCGAAG GTGATCGCGC ACCTCGGCGC ACACATGGCA 

730 740 750 760 770 780 

GACGGGGCGG CCCTCGTCGT GCGCAGCGCA CACGGAGCGC GCGGGTTCCT GTACCCGATC 

790 800 810 820 830 840 

GTCGACCCCC AGGACATCGG CCGAGGCGGG TTCGAGGTGC TGGCCGTGTG CCATCCCGAC 

850 860 870 880 890 900 

GACGACGTGG TGAACTCCGT CATCATCGCA CAGAAGTCCA AGGACGTGCA TGCCGATGGA 

910 920 930 940 950 960 

CTTGGCAGCG GGCGTGGTGC CGGTGGACAG TACGCGCGGG GCACGGTGCC TGTTGTCAGC 

970 980 990 1000 1010 1020 

CCCCCGTGCA GGTTCGGCGA GATGGTGGCG GACGTGACCC AGAACCACAA GAGAGACGAG 

1030 1040 1050 1060 1070 1080 

TTTGCCAACG CCGAAGTGGC CTTTTGATCG TTCGCTGCGA GGGTGTGCAT CCATGATCCA 
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1090 1100 1110 

TCCATACCTC GTTCTGTGAT TGCATCAAGC 

1150 1160 1170 

TGCTTCTATC CAATAATGTA CGTGTGGTGT 

1210 1220 1230 

TGTGTACAAG TGAATTTTAA TTCACAAGTA 

1270 1280 1290 

AGTGTGTGTT TTCCAATATA TGTTTGTGTA 

1330 1340 1350 

ACCCAAAAAA AAAAAAAAAA AA 



1120 1130 1140 

TTGCAATCGT ATGCATTTCA AGTCACGTGT 

1180 1190 1200 

TTACACGCGA ATGTCTTGTA GACCTTTGTA 

1240 1250 1260 

CATATAATGG TCACCATTGA AAAGATGTTT 

1300 1310 1320 

AGGTTCATCA TCTAATAAAA TATGTTTGGA 



<210> 5 
<211> 335 
<212> PRT 

<213> Hordeum vulgare L. 
<400> 5 



Met Ala Ala Gin Asn Asn Asn Lys Asp Val Ala Ala Leu Val Glu 15 

Lys He Thr Gly Leu His Ala Ala lie Ala Lys Leu Pro Ser Leu 30 

Ser Pro Ser Pro Asp Val Asp Ala Leu Phe Thr Glu Leu Val Thr 45 

Ala Cys Val Pro Pro Ser Pro Val Asp Val Thr Lys Leu Gly Pro 60 

Glu Ala Gin Glu Met Arg Glu Gly Leu He Arg Leu Cys Ser Glu 75 

Ala Glu Gly Lys Leu Glu Ala His Tyr Ser Asp Met Leu Ala Ala 90 

Phe Asp Asn Pro Leu Asp His Leu Gly He Phe Pro Tyr Tyr Ser 105 

8/34 



WO 99/57249 




PCT/JP99/02305 



Asn 


Tyr 


He 


Asn 


Leu 


Ser 


Lys 


Leu 


Glu 


Tyr 


Glu 


Leu 


Leu 


Ala 


Arg 


1 20 


Tyr 


Val 


Arg 


Arg 


His 


Arg 


Pro 


Ala 


Arg 


Val 


Ala 


Phe 


He 


Gly 


Ser 


135 


Gly 


Pro 


Leu 


Pro 


Phe 


Ser 


Ser 


Phe 


Val 


Leu 


Ala 


Ala 


Arg 


His 


Leu 


150 


Pro 


Asp 


Thr 


Met 


Phe 


Asp 


Asn 


Tyr 


Asp 


Leu 


Cys 


Gly 


Ala 


Ala 


Asn 


165 


Asp 


Arg 


Ala 


Ser 


Lys 


Leu 


Phe 


Arg 


Ala 


Asp 


Thr 


Asp 


Val 


Gly 


Ala 


ISO 


Arg 


Met 


Ser 


Phe 


His 


Thr 


Ala 


Asp 


Val 


Ala 


Asp 


Leu 


Ala 


Ser 


Glu 


195 


Leu 


Ala 


Lys 


Tyr 


Asp 


Val 


Val 


Phe 


Leu 


Ala 


Ala 


Leu 


Val 


Gly 


Met 


210 


Ala 


Ala 


Glu 


Asp 


Lys 


Ala 


Lys 


Val 


He 


Ala 


His 


Leu 


Gly 


Ala 


His 


225 


Met 


Ala 


Asp 


Gly 


Ala 


Ala 


Leu 


Val 


Val 


Arg 


Ser 


Ala 


His 


Gly 


Ala 


240 


Arg 


Gly 


Phe 


Leu 


Tyr 


Pro 


He 


Val 


Asp 


Pro 


Gin 


Asp 


lie 


Gly 


Arg 


255 


Gly 


Gly 


Phe 


Glu 


Val 


Leu 


Ala 


Val 


Cys 


His 


Pro 


Asp 


Asp 


Asp 


Val 


270 


Va 1 


Asn 


Spr 


Va 1 


T 1 e 


1 1 e 


A 1 a 


Gin 


I vs 

Li y O 


Ser 


Lys 


G 1 u 


Va 1 


His 


Al a 


id 0 0 


Asp 


Gly 


Leu 


Gly 


Ser 


Ala 


Arg 


Gly 


Ala 


Gly 


Arg 


Gin 


Tyr 


Ala 


Arg 


300 


Gly 


Thr 


Val 


Pro 


Val 


Val 


Ser 


Pro 


Pro 


Cys 


Arg 


Phe 


Gly 


Glu 


Met 


315 


Val 


Ala 


Asp 


Val 


Thr 


Gin 


Asn 


His 


Lys 


Arg 


Asp 


Glu 


Phe 


Ala 


Asn 


330 


Ala 


Glu 


Val 


Ala 


Phe 
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<2 1 0> 6 
<211> 1314 
<212> DNA 

<213> Hordeum vulgare L. 
<400> 6 

10 20 30 40 50 60 

CTACTTCACT CACACTAGTG CCCAGAAAGA AGGCTGCAAT GGCTGCCCAG AACAACAACA 

70 80 90 100 110 120 

AGGATGTCGC TGCCCTGGTG GAGAAGATCA CCGGGCTCCA CGCCGCCATC GCCAAGCTGC 
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130 140 150 160 170 180 

CGTCGCTCAG CCCATCCCCG GACGTCGACG CGCTCTTCAC CGAGCTGGTC ACGGCGTGCG 

190 200 210 220 230 240 

TTCCCCCGAG CCCCGTGGAC GTGACCAAGC TCGGCCCCGA GGCGCAGGAG ATGCGGGAGG 

250 260 270 280 290 300 

GCCTCATCCG CCTCTGCTCC GAGGCCGAGG GGAAGCTGGA GGCGCACTAC TCCGACATGC 

310 320 330 340 350 360 

TCGCCGCCTT CGACAACCCG CTGGATCACC TCGGCATCTT CCCCTACTAC AGCAACTACA 

370 380 390 400 410 420 

TCAACCTCAG CAAGCTGGAG TACGAGCTCC TGGCACGCTA CGTCCGGCGG CATCGCCCGG 

430 440 450 460 470 480 

CCCGCGTCGC GTTCATCGGC TCCGGCCCGC TGCCGTTCAG CTCCTTTGTC CTGGCCGCGC 

490 500 510 520 530 540 

GCCACCTGCC CGACACCATG TTTGACAACT ACGACCTTTG CGGCGCGGCC AACGATCGCG 

550 560 570 580 590 600 

CCAGCAAGCT CTTCCGCGCG GACACGGACG TGGGTGCCCG CATGTCGTTC CACACGGCCG 

610 620 630 640 650 660 

ACGTCGCGGA CCTCGCCAGC GAGCTCGCCA AGTACGACGT CGTCTTCCTG GCCGCGCTCG 

670 680 690 700 710 720 

TCGGCATGGC CGCCGAGGAC AAGGCCAAGG TGATCGCGCA CCTCGGCGCA CACATGGCAG 
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730 740 750 760 770 780 

ACGGGGCGGC CCTCGTCGTG CGCAGCGCAC ACGGAGCGCG CGGGTTCCTG TACCCGATTG 

790 800 810 820 830 840 

TCGACCCCCA GGACATCGGC CGCGGCGGGT TCGAGGTGCT GGCCGTGTGC CACCCCGACG 

850 860 870 880 890 900 

ACGACGTGGT GAACTCCGTC ATCATCGCAC AGAAGTCCAA GGAGGTGCAT GCCGATGGAC 

910 920 930 940 950 960 

TTGGCAGCGC GCGTGGTGCC GGTCGACAGT ACGCGCGCGG CACGGTGCCG GTTGTCAGCC 

970 980 990 1000 1010 1020 

CCCCGTGCAG GTTCGGTGAG ATGGTGGCGG ATGTGACCCA GAACCACAAG AGAGACGAGT 

1030 1040 1050 1060 1070 1080 

TTGCCAACGC CGAAGTGGCC TTTTGATCGA TCGTCGCCAA GGGACAATAA ATGAACGTGG 

1090 1100 1110 1120 1130 1140 

ATGTGGTAGG GTAATTTGCC TACCTCGCTG CTTGATCGCT TGCAATATGT GCACATTTTC 

1150 1160 1170 1180 1190 1200 

CTACTACCGC TGCTTATGCA TTTCAAGCCA TGTGATGTTG GTATCCAATA AAGTATGTGT 

1210 1220 1230 1240 1250 1260 

AGGGTTTACA CGCAAATGTC TTTACACCTT GTACGTGTAA GTGTTGACAA CGATGAATTT 

1270 1280 1290 1300 1310 1320 
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CAGTTCACAA TTAATAAATA GTATAATGGA TTCAAAAAAA AAAAAAAAAA AAAA 



<210> 7 
<211> 329 
<212> PRT 

<213> Hordeura vulgare L. 
<400> 7 



Met Asp Gly Gin Ser Glu 
Thr Gly Leu His Ala Ala 
Ser Pro Asp Val Asp Ala 
Val Pro Pro Ser Pro Val 
Gin Ala Met Arg Glu Gly 
Gly Lys Leu Glu Ala His 
Asn Pro Leu Asp His Leu 
He Asn Leu Ser Lys Leu 
Pro Gly Arg His Arg Pro 
Pro Leu Pro Phe Ser Ser 
Asp Thr Val Phe Asp Asn 
Arg Ala Thr Arg Leu Phe 
Met Ser Phe His Thr Ala 
Ala Thr Tyr Asp Val Val 
Ala Glu Asp Lys Ala Lys 
Ala Asp Gly Ala Ala Leu 
Leu Tyr Pro 1 1 e Val Asp 
Glu Val Leu Ala Val Cys 
Val I le 1 le Ala Gin Lys 
Gly Ser Gly Arg Gly Gly 



Glu Val Asp Ala Leu Val 
He Ala Lys Leu Pro Ser 
Leu Phe Thr Asp Leu Val 
Asp Val Thr Lys Leu Ala 
Leu I le Arg Leu Cys Ser 
Tyr Ser Asp Met Leu Ala 
Gly Val Phe Pro Tyr Tyr 
Glu Tyr Glu Leu Leu Ala 
Ala Arg Val Ala Phe He 
Tyr Val Leu Ala Ala Arg 
Tyr Asp Leu Cys Gly Ala 
Arg Ala Asp Lys Asp Val 
Asp Val Ala Asp Leu Thr 
Phe Leu Ala Ala Leu Val 
Val He Ala His Leu Gly 
Val Ala Arg His Gly Ala 
Pro Gin Asp He Gly Arg 
His Pro Asp Asp Asp Val 
Ser Asn Asp Val His Glu 
Arg Tyr Ala Arg Gly Thr 
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Gin Lys He 15 

Leu Ser Pro 30 

Thr Ala Cys 45 

Pro Glu Ala 60 

Glu Ala Glu 75 

Ala Phe Asp 90 

Ser Asn Tyr 105 

Arg Tyr Val 120 

Gly Ser Gly 135 

His Leu Pro 150 

Ala Asn Asp 165 

Gly Ala Arg 180 

Asp Glu Leu 195 

Gly Met Ala 210 

Ala His Met 225 

Arg Gly Phe 240 

Gly Gly Phe 255 

Val Asn Ser 270 

Tyr Gly Leu 285 

Val Val Pro 300 
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Val Val Ser Pro Pro Cys Arg Phe Gly Glu Met Val Ala Asp Val 315 
Thr Gin Lys Arg Glu Glu Phe Ala Asn Ala Glu Val Ala Phe 329 

<210> 8 
<211> 1249 
<212> DNA 

<213> Hordeum vulgare L. 
<400> 8 

1 0 20 30 40 50 60 

CCACTACCGA CTACCGTAGT ACCGTGCCTC AGAGCTCATC ACTGGTCAGG TACCAAGAAG 

70 80 90 100 110 120 

ACATAAAAAT GGACGGCCAG AGCGAGGAGG TCGACGCCCT TGTCCAGAAG ATCACCGGCC 

130 140 150 160 170 180 

TCCACGCCGC CATCGCCAAG CTGCCCTCGC TCAGCCCGTC CCCGGACGTC GACGCGCTCT 

190 200 210 220 230 240 

TCACCGACCT GGTCACCGCG TGCGTGCCCC CGAGCCCCGT GGACGTGACC AAGCTCGCCC 

250 260 270 280 290 300 

CGGAGGCGCA GGCGATGCGG GAGGGCCTCA TCCGCCTCTG CTCCGAGGCC GAGGGCAAGC 

310 320 330 340 350 360 

TGGAGGCGCA CTACTCCGAC ATGCTCGCCG CCTTCGACAA CCCGCTCGAC CACCTCGGCG 

370 380 390 400 410 420 

TCTTCCCCTA CTACAGCAAC TACATCAACC TCAGCAAGCT TGAGTACGAG CTCCTCGCGC 
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430 440 450 460 470 480 

GCTACGTGCC CGGCAGGCAT CGCCCGGCCC GCGTCGCCTT CATCGGCTCC GGCCCGCTGC 

490 500 510 520 530 540 

CGTTCAGCTC CTACGTCCTC GCCGCGCGCC ACCTGCCCGA CACCGTGTTC GACAACTACG 

550 560 570 580 590 600 

ACCTGTGCGG CGCGGCCAAC GACCGCGCGA CCAGGCTGTT CCGCGCGGAC AAGGACGTCG 

610 620 630 640 650 660 

GCGCCCGCAT GTCGTTCCAC ACCGCCGACG TCGCGGACCT CACCGACGAG CTCGCTACGT 

670 680 690 700 710 720 

ACGACGTCGT CTTCCTGGCC GCGCTCGTGG GCATGGCCGC CGAGGACAAG GCCAAGGTGA 

730 740 750 760 770 780 

TCGCGCACCT TGGCGCGCAC ATGGCGGACG GGGCGGCCCT CGTTGCGCGG CACGGCGCGC 

790 800 810 820 830 840 

GTGGGTTCCT CTACCCGATC GTCGATCCCC AGGACATCGG TCGAGGCGGG TTCGAGGTGC 

850 860 870 880 890 900 

TCGCCGTGTG TCACCCCGAC GACGACGTGG TGAACTCCGT CATCATCGCA CAAAAGAGCA 

910 920 930 940 950 960 

ACGACGTGCA CGAGTATGGA CTTGGCAGCG GGCGTGGTGG ACGGTACGCG CGAGGCACGG 

970 980 990 1000 1010 1020 
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TGGTGCCGGT GGTCAGCCCA CCCTGCAGGT TCGGCGAGAT GGTGGCAGAC GTGACCCAGA 

1030 1040 1050 1060 1070 1080 

AGAGAGAGGA GTTTGCCAAC GCGGAAGTGG CCTTCTGATT GCTGCTGAAT CGCTTGTGAT 

1090 1100 1110 1120 1130 1140 

CGTACGTGGT AATTTTTCTA CTACTCCTCC TCCTACCACC ACCTATCACC TATGTATGCA 

1150 1160 1170 1180 1190 1200 

TTTCAAGTCG TGTGTTGTTT GTATCCAATA ATGTAAGTGA GATGTTTACA CGCGCAAAAA 

1210 1220 1230 1240 1250 

AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAA 



<210> 9 
<211> 282 
<212> PRT 

<213> Hordeum vulgare L. 
<400> 9 

Met Glu Ala Glu Asn Gly 

Thr Gly Leu His Ala Ala 

Ser Pro Gin Val Asp Ala 

Val Pro Ser Ser Pro Val 

Gin Glu Met Arg Gin Asp 

Gly Leu Leu Glu Ala His 

Ser Pro Leu Asp His Leu 

Val Asn Leu Ser Lys Leu 



Glu Val Ala Ala Leu Val 
He Ser Lys Leu Pro Ala 
Leu Phe Thr Glu Leu Val 
Asp Val Thr Lys Leu Gly 
Leu He Arg Leu Cys Ser 
Tyr Ser Asp Met Leu Thr 
Gly Arg Phe Pro Tyr Phe 
Glu His Asp Leu Leu Ala 
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Glu Lys He 15 

Leu Ser Pro 30 

Ala Ala Cys 45 

Pro Glu Ala 60 

Ala Ala Glu 75 

Ala Leu Asp 90 

Asp Asn Tyr 105 

Gly His Val 120 
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Ala 


Ala 


Pro 


Ala 


Arg 


Val 


Ala 


Phe 


He 


Phe 


Ser 


Ser 


Leu 


Phe 


Leu 


Ala 


Thr 


Tyr 


Phe 


Asp 


Asn 


Tyr 


Asp 


Arg 


Cys 


Ser 


Val 


Lys 


Leu 


Val 


Gly 


Ala 


Ala 


Asp 


Glu 


Gly 


Phe 


His 


Thr 


Ala 


Glu 


Val 


Thr 


Asp 


Leu 


Tyr 


Asp 


Val 


Val 


Phe 


Leu 


Ala 


Ala 


Leu 


Glu 


Lys 


Ala 


Asp 


Ala 


He 


Ala 


His 


Leu 


Gly 


Ala 


Val 


Leu 


Val 


Arg 


Glu 


Ala 


Leu 


Leu 


Tyr 


Pro 


Val 


Val 


Glu 


Leu 


Asp 


Asp 


Gin 


Val 


Leu 


Ala 


Val 


His 


His 


Pro 


Ala 


Ser 


Phe 


lie 


Val 


Ala 


Arg 


Lys 


Val 


Lys 
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Gly 


Ser 


Gly 


Pro 


Leu 


Pro 


135 


His 


Leu 


Pro 


Asp 


Thr 


Arg 


150 


Ala 


Asn 


Gly 


Arg 


Ala 


Met 


165 


Val 


Arg 


Ser 


Arg 


Met 


Ala 


180 


Thr 


Ala 


Glu 


Leu 


Gly 


Ala 


195 


Val 


Gly 


Met 


Thr 


Ser 


Lys 


210 


Gly 


Lys 


His 


Met 


Ala 


Asp 


225 


His 


Gly 


Ala 


Arg 


Ala 


Phe 


240 


Val 


Gly 


Arg 


Gly 


Gly 


Phe 


255 


Gly 


Asp 


Glu 


Val 


Phe 


Asn 


270 


Met 


Ser 


Ala 
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<210> 10 
<211> 1044 
<212> DNA 

<213> Hordeum vulgare L. 
<400> 10 



10 20 30 40 50 60 

GTGACATGGA GGCCGAAAAC GGCGAGGTGG CTGCTCTGGT CGAGAAGATC ACCGGTCTCC 

70 80 90 100 110 120 

ACGCCGCCAT CTCCAAGCTC CCGGCACTAA GCCCGTCTCC TCAAGTCGAC GCGCTCTTCA 

130 140 150 160 170 180 

CCGAGCTGGT TGCGGCGTGC GTCCCATCAA GCCCGGTGGA CGTGACCAAG CTCGGCCCGG 



190 200 210 220 230 

AGGCGCAGGA GATGCGGCAG GACCTCATCC GTCTCTGCTC GGCCGCCGAG 
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240 

GGGCTGCTCG 
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250 260 270 280 290 300 

AGGCGCACTA CTCCGACATG CTCACCGCGT TGGACAGCCC GCTCGACCAC CTCGGCCGCT 

310 320 330 340 350 360 

TCCCTTACTT CGACAACTAC GTCAACCTCA GCAAGCTCGA GCACGATCTT CTGGCAGGTC 

370 380 390 400 410 420 

ACGTGGCGGC CCCGGCCCGC GTGGCGTTCA TCGGGTCGGG GCCACTGCCG TTCAGCTCGC 

430 440 450 460 470 480 

TCTTCCTTGC GACGTACCAC CTGCCGGACA CCCGGTTCGA CAACTACGAC CGGTGCAGCG 

490 500 510 520 530 540 

TGGCGAATGG CCGGGCGATG AAGCTGGTCG GCGCGGCGGA CGAGGGCGTG CGATCACGCA 

550 560 570 580 590 600 

TGGCGTTCCA CACGGCCGAA GTCACGGACC TCACGGCTGA GCTCGGCGCT TACGACGTGG 

610 620 630 640 650 660 

TCTTCCTGGC CGCGCTCGTG GGAATGACGT CCAAGGAGAA GGCCGACGCC ATAGCGCACT 

670 680 690 700 710 720 

TGGGGAAGCA CATGGCAGAT GGGGCGGTGC TCGTGCGCGA AGCGCTGCAC GGGGCGCGAG 

730 740 750 760 770 780 

CGTTCCTGTA TCCTGTCGTG GAGCTGGACG ATGTCGGGCG TGGTGGGTTC CAAGTGCTGG 

790 800 810 820 830 840 
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CCGTGCACCA CCCTGCAGGC GATGAGGTGT TCAACTCATT CATAGTTGCC CGGAAGGTGA 

850 860 870 880 890 900 

AAATGAGTGC TTAAATTAAG AAAAGGGTGA GCCTGTCTGC TTGTGCAAAT GGTGTCTCAC 

910 920 930 940 950 960 

ATTGATAATA ACCAGATGAT ACCCTGCACA TTGATGGGGG TACTGCAGTA TGTTTCAATG 

970 980 990 1000 1010 1020 

AGGTCTGGTT GTATCAAATA TGAGTATTTG GCTTAATAAT ATCAGCGAAT ATGTTTCGAT 

1030 1040 1050 

TAAAAAAAAA AAAAAAAAAA AAAA 

<210> 11 
<2 1 1 > 328 
<212> PRT 

<213> Hordeum vulgare L. 
<400> 11 



Met 


Asp 


Ala 


Gin 


Asn 


Lys 


Glu 


Val 


Asp 


Ala 


Leu 


Val 


Gin 


Lys 


He 


15 


Thr 


Gly 


Leu 


His 


Ala 


Ala 


He 


Ala 


Lys 


Leu 


Pro 


Ser 


Leu 


Ser 


Pro 


30 


Ser 


Pro 


Asp 


Val 


Asp 


Ala 


Leu 


Phe 


Thr 


Asp 


Leu 


Val 


Thr 


Ala 


Cys 


45 


Val 


Pro 


Pro 


Ser 


Pro 


Val 


Asp 


Val 


Thr 


Lys 


Leu 


Gly 


Ser 


Glu 


Ala 


60 


Gin 


Glu 


Met 


Arg 


Glu 


Gly 


Leu 


He 


Arg 


Leu 


Cys 


Ser 


Glu 


Ala 


Glu 


75 


Gly 


Lys 


Leu 


Glu 


Ala 


His 


Tyr 


Ser 


Asp 


Met 


Leu 


Ala 


Ala 


Phe 


Asp 


90 


Asn 


Pro 


Leu 


Asp 


His 


Leu 


Gly 


Met 


Phe 


Pro 


Tyr 


Tyr 


Ser 


Asn 


Tyr 


105 


He 


Asn 


Leu 


Ser 


Lys 


Leu 


Glu 


Tyr 


Glu 


Leu 


Leu 


Ala 


Arg 


Tyr 


Val 


120 


Pro 


Gly 


Gly 


He 


Ala 


Arg 


Pro 


Ala 


Va! 


Ala 


Phe 


He 


Gly 


Ser 


Gly 


135 
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Pro 


Leu 


Pro 


Phe 


Ser 


Ser 


Tyr 


Val 


Leu 


Ala 


Ala 


Arg 


His 


Leu 


Pro 


150 


Asp 


Ala 


Met 


Phe 


Asp 


Asn 


Tyr 


Asp 


Leu 


Cys 


Ser 


Ala 


Ala 


Asn 


Asp 


165 


Arg 


Ala 


Ser 


Lys 


Leu 


Phe 


Arg 


Ala 


Asp 


Lys 


Asp 


Val 


Gly 


Ala 


Arg 


180 


Met 


Ser 


Phe 


His 


Thr 


Ala 


Asp 


Val 


Ala 


Asp 


Leu 


Thr 


Arg 


Glu 


Leu 


195 


Ala 


Ala 


Tyr 


Asp 


Val 


Val 


Phe 


Leu 


Ala 


Ala 


Leu 


Val 


Gly 


Met 


Ala 


210 


Ala 


Glu 


Asp 


Lys 


Ala 


Lys 


Val 


He 


Pro 


His 


Leu 


Gly 


Ala 


His 


Met 


225 


Ala 


Asp 


Gly 


Ala 


Ala 


Leu 


Val 


Val 


Arg 


Ser 


Ala 


Gin 


Ala 


Arg 


Gly 


240 


Phe 


Leu 


Tyr 


Pro 


lie 


Val 


Asp 


Pro 


Gin 


Asp 


He 


Gly 


Arg 


Gly 


Gly 


255 


Phe 


Glu 


Val 


Leu 


Ala 


Val 


Cys 


His 


Pro 


Asp 


Asp 


Asp 


Val 


Val 


Asn 


270 


Ser 


Val 


He 


He 


Ala 


His 


Lys 


Ser 


Lys 


Asp 


Val 


His 


Ala 


Asn 


Glu 


285 


Arg 


Pro 


Asn 


Gly 


Arg 


Gly 


Gly 


Gin 


Tyr 


Arg 


Gly 


Ala 


Val 


Pro 


Val 


300 


Val 


Ser 


Pro 


Pro 


Cys 


Arg 


Phe 


Gly 


Glu 


Met 


Val 


Ala 


Asp 


Val 


Thr 


315 


His 


Lys 


Arg 


Glu 


Glu 


Phe 


Thr 


Asn 


Ala 


Glu 


Val 


Ala 


Phe 






328 



<210> 12 
< 2 1 1 > 1352 
<212> DNA 

<213> Hordeum vulgare L. 
<400> 12 

10 20 30 40 50 60 

CTCCACTTCG CTCCTGTGCC TCAGGTAGCC ACAACATACA GTATTAAAAT GGATGCCCAG 

70 80 90 100 110 120 

AACAAGGAGG TTGATGCCCT GGTCCAGAAG ATCACCGGCC TCCACGCCGC CATCGCCAAG 

130 140 150 160 170 180 

CTGCCGTCCC TCAGCCCATC ACCCGACGTC GACGCGCTCT TCACCGACCT GGTCACCGCG 
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190 200 210 220 230 240 

TGCGTCCCCC CGAGCCCCGT GGACGTGACC AAGCTCGGGT CGGAGGCGCA GGAGATGCGG 

250 260 270 280 290 300 

GAGGGCCTCA TCCGCCTCTG CTCCGAGGCC GAGGGGAAGC TGGAGGCGCA CTACTCCGAC 

310 320 330 340 350 360 

ATGCTGGCCG CCTTCGACAA CCCGCTCGAC CACCTCGGCA TGTTCCCCTA CTACAGCAAC 

370 380 390 400 410 420 

TACATCAACC TCAGCAAGCT GGAGTACGAG CTCCTGGCGC GCTACGTGCC GGGCGGCATC 

430 440 450 460 470 480 

GCCCGGCCCG CTGTCGCGTT CATCGGCTCC GGCCCGCTGC CGTTCAGCTC CTACGTCCTC 

490 500 510 520 530 540 

GCCGCTCGCC ACCTGCCCGA CGCCATGTTC GACAACTACG ACCTGTGTAG CGCGGCCAAC 

550 560 570 580 590 600 

GACCGTGCGA GCAAGCTGTT CCGCGCGGAC AAGGACGTGG GCGCCCGCAT GTCTTTCCAC 

610 620 630 640 650 660 

ACCGCCGACG TAGCGGACCT CACCCGCGAG CTCGCCGCGT ACGACGTCGT CTTCCTGGCC 

670 680 690 700 710 720 

GCGCTCGTGG GCATGGCTGC CGAGGACAAG GCCAAGGTGA TTCCGCACCT CGGCGCGCAC 

730 740 750 760 770 780 
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ATGGCGGACG GGGCGGCCCT CGTCGTGCGC AGTGCGCAGG CACGTGGGTT CCTCTACCCG 

790 800 810 820 830 840 

ATCGTCGATC CCCAGGACAT CGGTCGAGGC GGGTTTGAGG TGCTGGCCGT GTGTCACCCC 

850 860 870 880 890 900 

GACGATGACG TGGTGAACTC CGTCATCATC GCACACAAGT CCAAGGACGT GCATGCCAAT 

910 920 930 940 950 960 

GAACGTCCCA ACGGGCGTGG TGGACAGTAC CGGGGCGCGG TACCGGTGGT CAGCCCGCCG 

970 980 990 1000 1010 1020 

TGCAGGTTCG GTGAGATGGT GGCGGACGTG ACCCACAAGA GAGAGGAGTT CACCAACGCG 

1030 1040 1050 1060 1070 1080 

GAAGTGGCCT TCTGATCGTT GCGAGGGAAT GAAAATGAAG GTGGACGTGT GTGGTCAGCA 

1090 1100 1110 1120 1130 1140 

TCCATACGTG GCTGCCTGCT TCATCGGTTG CAATCGTACT ACTACCTACC TATGCAGTTC 

1150 1160 1170 1180 1190 1200 

AAGTCATGTG TTGTCAATGT AAGTGTGATG TTTACACTAG TCTATGAAAG GCAGGGCAGA 

1210 1220 1230 1240 1250 1260 

CGAGGGTAGT GTGCCAAGTA ACAGTGTGTC ATTATAGGTG TAAGTGTTGA GAATAAGACC 

1270 1280 1290 1300 1310 1320 

ATTTTTGTTC ACAAATAGTA TGATGTAATC GGTGTCATAT TCGTATTGAG TACATTTGTC 
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1330 1340 1350 1360 

AAGTTGGTTG CTAAAAAAAA AAAAAAAAAA AA 



<210> 13 
<211> 329 
<212> PRT 

<213> Hordeum vulgare L. 
<400> 13 



Met 


Asp 


Ala 


Gin 


Ser 


Lys 


Glu 


Val 


Asp 


Ala 


Leu 


Val 


Gin 


Lys 


He 


15 


Thr 


Gly 


Leu 


His 


Ala 


Ala 


lie 


Ala 


Lys 


Leu 


Pro 


Ser 


Leu 


Ser 


Pro 


30 


Ser 


Pro 


Asp 


Val 


Asp 


Ala 


Leu 


Phe 


Thr 


Asp 


Leu 


Val 


Thr 


Ala 


Cys 


45 


Val 


Pro 


Pro 


Ser 


Pro 


Val 


Asp 


Val 


Thr 


Lys 


Leu 


Ala 


Pro 


Glu 


Ala 


60 


Gin 


Ala 


Met 


Arg 


Glu 


Gly 


Leu 


He 


Arg 


Leu 


Cys 


Ser 


Glu 


Ala 


Glu 


75 


Gly 


Lys 


Leu 


Glu 


Ala 


His 


Tyr 


Ser 


Asp 


Met 


Leu 


Ala 


Ala Phe 


' Asp 


90 


Asn 


Pro 


Leu 


Asp 


His 


Leu 


Gly 


Val 


Phe 


Pro 


Tyr 


Tyr 


Ser 


Asn 


Tyr 


105 


He 


Asn 


Leu 


Se r 


Lys 


Leu 


Glu 


Tyr 


Glu 


Leu 


Leu 


Ala 


Arg 


Tyr 


Val 


120 


Pro 


Gly 


Gly 


He 


Ala 


Pro 


Ala 


Arg 


Val 


Ala 


Phe 


He 


Gly 


Ser 


Gly 


135 


Pro 


Leu 


Pro 


Phe 


Ser 


Ser 


Tyr 


Val 


Leu 


Ala 


Ala 


Arg 


His 


Leu 


Pro 


150 


Asp 


Thr 


Val 


Phe 


Asp 


Asn 


Tyr 


Val 


Pro 


Val 


Arg 


Ala 


Ala 


Asn 


Asp 


165 


Arg 


Ala 


Thr 


Arg 


Leu 


Phe 


Arg 


Ala 


Asp 


Lys 


Asp 


Val 


Gly 


Ala 


Arg 


180 


Met 


Ser 


Phe 


His 


Thr 


Ala 


Asp 


Val 


Ala 


Asp 


Leu 


Thr 


Asp 


Glu 


Leu 


195 


Ala 


Thr 


Tyr 


Asp 


Val 


Val 


Phe 


Leu 


Ala 


Ala 


Leu 


Val 


Gly 


Met 


Ala 


210 


Ala 


Glu 


Asp 


Lys 


Gly 


Gin 


Gly 


Asp 


Pro 


His 


Leu 


Gly 


Ala 


His 


Met 


225 


Ala 


Asp 


Gly 


Ala 


Ala 


Leu 


Val 


Arg 


Ser 


Ala 


His 


Gly 


Ala 


Arg 


Gly 


240 


Phe 


Leu 


Tyr 


Pro 


He 


Val 


Asp 


Pro 


Gin 


Asp 


He 


Gly 


Arg 


Gly 


Gly 


255 


Phe 


Glu 


Val 


Leu 


Ala 


Val 


Cys 


His 


Pro 


Asp 


Asp 


Asp 


Val 


Val 


Asn 


270 


Ser 


Val 


He 


He 


Ala 


Gin 


Lys 


Ser 


Lys 


Asp 


Met 


Phe 


Ala 


Asn 


Gly 


285 
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Pro Arg Asn Gly Cys Gly 
Val Val Ser Pro Pro Cys 
Thr Gin Lys Arg Glu Glu 



Gly Arg Tyr Ala Arg Gly 
Arg Phe Gly Glu Met Val 
Phe Ala Lys Ala Glu Val 



Thr Val Pro 300 
Ala Asp Val 315 
Ala Phe 329 



<210> 14 

<2 1 1 > 1371 

<212> DNA 

<213> Hordeura vulgare L. 

<400> 14 



10 


20 


30 


40 


50 


GGAGCGGNAC 


GCGTGGCGGA 


GGTGGGCACT 


ACCGTAGTAC 


CGTGCCTCAG 


60 


70 


80 


90 


100 


AGCTCATCAC 


TGGTCAGGTA 


CCAAGAAGAC 


ATAAAAATGG 


ACGCCCAGAG 


110 


120 


130 


140 


150 


CAAGGAGGTC 


GACGCCCTTG 


TCCAGAAGAT 


CACCGGCCTC 


CACGCCGCCA 


160 


170 


180 


190 


200 


TCGCCAAGCT 


GCCCTCGCTC 


AGCCCGTCCC 


CGGACGTCGA 


CGCGCTCTTC 


210 


220 


230 


240 


250 


ACCGACCTGG 


TCACCGCGTG 


CGTGCCCCCG 


AGCCCCGTGG 


ACGTGACCAA 


260 


270 


280 


290 


300 


GCTCGCCCCG 


GAGGCGCAGG 


CGATGCGGGA 


GGGCCTCATC 


CGCCTCTGCT 


310 


320 


330 


340 


350 


CCGAGGCCGA 


GGGCAAGCTG 


GAGGCGCACT 


ACTCCGACAT 


GCTCGCCGCC 


360 


370 


380 


390 


400 


TTCGACAACC 


CGCTCGACCA 


CCTCGGCGTC 


TTCCCCTACT 


ACAGCAACTA 


410 


420 


430 


440 


450 
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CATCAACCTC 


AGCAAGCTCG 


AGTACGAGCT 


CCTCGCGCGC 


TACGTGCCCG 


460 


470 


480 


490 


500 


GCGGCATCGC 


CCCGGCCCGC 


GTCGCCTTCA 


TCGGCTCCGG 


CCCGCTCCCG 


510 


520 


530 


540 


550 


TTCAGCTCCT 


ACGTCCTCGC 


CGCGCGCCAC 


CTGCCCGACA 


CCGTGTTCGA 


560 


570 


580 


590 


600 


CAACTACGTA 


CCTGTGCGCG 


CGGCCAACGA 


CCGCGCGACC 


AGGCTGTTCC 


610 


620 


630 


640 


650 


GCGCGGACAA 


GGACGTCGGC 


GCCCGCATGT 


CGTTCCACAC 


CGCCGACGTC 


660 


670 


680 


690 


700 


GCGGACCTCA 


CCGACGAGCT 


CGCTACGTAC 


GACGTCGTCT 


TCCTGGCCGC 


710 


720 


730 


740 


750 


GCTCGTGGGC 


ATGGCCGCCG 


AGGACAAGGG 


CCAAGGTGAT 


CCGCACCTTG 


760 


770 


780 


790 


800 


GCGCGCACAT 


GGCGGACGGG 


GCGGCCCTCG 


TCCGCAGCGC 


GCACGGGGCG 


810 


820 


830 


840 


850 


CGTGGGTTCC 


TCTACCCGAT 


CGTCGATCCC 


CAAGACATTG 


GTCGAGGCGG 


860 


870 


880 


890 


900 


GTTCGAGGTG 


CTCGCCGTGT 


GTCACCCCGA 


CGACGACGTG 


GTGAACTCCG 


910 


920 


930 


940 


950 


TCATCATCGC 


GCAGAAGTCT 


AAGGACATGT 


TTGCCAATGG 


ACCTCGCAAC 


960 


970 


980 


990 


1000 


GGGTGTGGTG 


GACGGTACGC 


GCGAGGCACG 


GTGCCGGTGG 


TCAGCCCGCC 


1010 


1020 


1030 


1040 


1050 


CTGCAGGTTC 


GGCGAGATGG 


TGGCAGACGT 


GACCCAGAAG 


AGAGAGGAGT 


1060 


1070 


1080 


1090 


1100 


TTGCCAAGGC 


GGAAGTGGCC 


TTCTGATTGC 


TGCGAGGTCA 


CCATCCGTAT 


1 110 


1 120 


1 130 


1 140 


1150 


GCCGCTGCTA 


CCTTTCAATA 


TCTTGCAATC 


GTAGGTGGCG 


ATTTTCCTAC 
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1160 


1 170 


1180 


1190 


1200 


TCTTGTTACG 


ACCTTTCAAA 


TCATATGTTG 


TTTGTACCCA 


ATAATGTAAG 


1210 


1220 


1230 


1240 


1250 


TGTGTTGCTT 


ACACGCGCAT 


GTCTTGTACA 


CTCGGTCTCT 


AGAAGGCAGG 


1260 


1270 


1280 


1290 


1300 


GCAGATCAAG 


AGACTGTGCA 


AAGGAAAAGA 


AATGTGTGTT 


GTTGTAGGTG 


1310 


1320 


1330 


1340 


1350 


TATGAGTTGG 


GAGTAAGATG 


ATTCTAGTTC 


ACAAAAAAAA 


AAAAAAAAAA 


1360 


1370 


1380 






AAAAAAAAAA 


AAAAAAAAAA 


A 







<210> 15 
<2 1 1 > 332 
<212> PRT 

<213> Oryza sat iva L. 
<400> 15 



Met 


Glu 


Ala 


Gin 


Asn 


Gin 


Glu 


Val 


Ala 


Ala 


Leu 


Val 


Glu 


Lys 


lie 


15 


Ala 


Gly 


Leu 


His 


Ala 


Ala 


lie 


Ser 


Lys 


Leu 


Pro 


Ser 


Leu 


Ser 


Pro 


30 


Ser 


Ala 


Glu 


Val 


Asp 


Ala 


Leu 


Phe 


Thr 


Asp 


Leu 


Val 


Thr 


Ala 


Cys 


45 


Val 


Pro 


Ala 


Ser 


Pro 


Val 


Asp 


Val 


Ala 


Lys 


Leu 


Gly 


Pro 


Glu 


Ala 


60 


Gin 


Ala 


Met 


Arg 


Glu 


Glu 


Leu 


lie 


Arg 


Leu 


Cys 


Ser 


Ala 


Ala 


Glu 


75 


Gly 


His 


Leu 


Glu 


Ala 


His 


Tyr 


Ala 


Asp 


Met 


Leu 


Ala 


Ala 


Phe 


Asp 


90 


Asn 


Pro 


Leu 


Asp 


His 


Leu 


Ala 


Arg 


Phe 


Pro 


Tyr 


Tyr 


Gly 


Asn 


Tyr 


105 


Val 


Asn 


Leu 


Ser 


Lys 


Leu 


Glu 


Tyr 


Asp 


Leu 


Leu 


Val 


Arg 


Tyr 


Val 


120 


Pro 


Gly 


1 le 


Ala 


Pro 


Thr 


Arg 


Val 


Ala 


Phe 


Val 


Gly 


Ser 


Gly 


Pro 


135 


Leu 


Pro 


Phe 


Ser 


Ser 


Leu 


Val 


Leu 


Ala 


Ala 


His 


His 


Leu 


Pro 


Asp 


150 
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Ala Va] Phe Asp Asn Tyr Asp Arg Cys Gly Ala Ala Asn Glu Arg 165 

Ala Arg Arg Leu Phe Arg Gly Ala Asp Glu Gly Leu Gly Ala Arg 180 

Met Ala Phe His Thr Ala Asp Val Ala Thr Leu Thr Gly Glu Leu 195 

Gly Ala Tyr Asp Val Val Phe Leu Ala Ala Leu Val Gly Met Ala 210 

Ala Glu Glu Lys Ala Gly Val He Ala His Leu Gly Ala His Met 225 

Ala Asp Gly Ala Ala Leu Val Val Arg Thr Ala His Gly Ala Arg 240 

Gly Phe Leu Tyr Pro lie Val Asp Pro Glu Asp Val Arg Arg Gly 255 

Gly Phe Asp Val Leu Ala Val Cys His Pro Glu Asp Glu Val lie 270 

Asn Ser Val lie Val Ala Arg Lys Val Gly Ala Ala Ala Ala Ala 285 

Ala Ala Ala Arg Arg Asp Glu Leu Ala Asp Ser Arg Gly Val Val 300 

Leu Pro Val Val Gly Pro Pro Ser Thr Cys Cys Lys Val Glu Ala 315 

Ser Ala Val Glu Lys Ala Glu Glu Phe Ala Ala Asn Lys Glu Leu 330 

Ser Val* 345 



<210> 16 
<211> 1372 
<212> DNA 

<213> Oryza sa t iva L. 
<400> 16 



10 20 30 40 50 

CTCCATTTGG TTGTCATTTT CAACTATAAT CCACCACAAC TCGTGCAACA 

60 70 80 90 100 

TCAGCTCACT CGTGTTCCCA ACCGCGACAA AGCTTCACAG ATGGAGGCTC 

110 120 130 140 150 

AGAACCAAGA GGTCGCTGCC CTGGTCGAGA AGATCGCCGG CCTCCACGCC 

160 170 180 190 200 
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GCCATCTCCA 


AGCTGCCGTC 


GCTGAGCCCA 


TCCGCCGAGG 


TGGACGCGCT 


210 


220 


230 


240 


250 


CTTCACCGAC 


CTCGTCACGG 


CGTGCGTCCC 


GGCGAGCCCC 


GTCGACGTGG 


260 


270 


280 


290 


300 


CCAAGCTCGG 


CCCGGAGGCG 


CAGGCGATGC 


GGGAGGAGCT 


CATCCGCCTC 


310 


320 


330 


340 


350 


TGCTCCGCCG 


CCGAGGGCCA 


CCTCGAGGCG 


CACTACGCCG 


ACATGCTCGC 


360 


370 


380 


390 


400 


CGCCTTCGAC 


AACCCGCTCG 


ACCACCTCGC 


CCGCTTCCCG 


TACTACGGCA 


410 


420 


430 


440 


450 


ACTACGTCAA 


CCTGAGCAAG 


CTGGAGTACG 


ACCTCCTCGT 


CCGCTACGTC 


460 


470 


480 


490 


500 


CCCGGCATTG 


CCCCCACCCG 


CGTCGCCTTC 


GTCGGGTCGG 


GCCCGCTGCC 


510 


520 


530 


540 


550 


GTTCAGCTCC 


CTCGTGCTCG 


CTGCGCACCA 


CCTGCCGGAC 


GCGGTGTTCG 


560 


570 


580 


590 


600 


ACAACTACGA 


CCGGTGCGGC 


GCGGCCAACG 


AGCGGGCGAG 


GAGGCTGTTC 


610 


620 


630 


640 


650 


CGCGGCGCCG 


ACGAGGGCCT 


CGGCGCGCGC 


ATGGCGTTCC 


ACACCGCCGA 


660 


670 


680 


690 


700 


CGTGGCGACC 


CTGACGGGGG 


AGCTCGGCGC 


GTACGACGTC 


GTGTTCCTGG 


710 


720 


730 


740 


750 


CGGCGCTCGT 


GGGCATGGCG 


GCCGAGGAGA 


AGGCCGGGGT 


GATCGCGCAC 


760 


770 


780 


790 


800 


CTGGGCGCGC 


ACATGGCGGA 


CGGCGCGGCG 


CTCGTCGTGC 


GGACGGCGCA 


810 


820 


830 


840 


850 


CGGGGCGCGC 


GGGTTCCTGT 


ACCCGATCGT 


CGATCCCGAG 


GACGTCAGGC 


860 


870 


880 


890 


900 


GTGGCGGGTT 


CGACGTTCTG 


GCGGTGTGCC 


ACCCGGAGGA 


CGAGGTGATC 
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910 


920 


930 


940 


950 


AACTCCGTCA 


TCGTCGCCCG 


CAAGGTCGGT 


GCCGCCGCCG 


CCGCCGCCGC 


960 


970 


980 


990 


1000 


GGCGCGCAGA 


GACGAGCTCG 


CGGACTCGCG 


CGGCGTGGTT 


CTGCCGGTGG 


1010 


1020 


1030 


1040 


1050 


TCGGGCCGCC 


GTCCACGTGC 


TGCAAGGTGG 


AGGCGAGCGC 


GGTTGAGAAG 


1060 


1070 


1080 


1090 


1100 


GCAGAAGAGT 


TTGCCGCCAA 


CAAGGAGCTG 


TCCGTCTAAC 


AGCCGGACGA 


1110 


1 120 


1130 


1 140 


1150 


TCGAAAGGCG 


CACTATATTA 


TGGCAATAAA 


TCATTTGATT 


ATACTTATGC 


1 160 


1 170 


1180 


1 190 


1200 


TGCATTTGCG 


AAGCTAAGGT 


ATACTATGCA 


AGCCATATGT 


TTGTGTTCGT 


1210 


1220 


1230 


1240 


1250 


ACGTGTTGTT 


TGGGACGTAC 


AGTTGTGTTG 


TTGTACGTCG 


TGAAGTACTG 


1260 


1270 


1280 


1290 


1300 


AAGTGTTCAC 


AGTAGATCAC 


AAGTTCACAG 


CAATCAATGA 


GGACCCTGTA 


1310 


1320 


1330 


1340 


1350 


AGCCAGTGTA 


AACGAGGAAC 


ATGCCATCTG 


TGTATGACAG 


TGAGAAATTA 


1360 


1370 


1380 




TATAAGAAAA 


ACATTTTGTG 


AC 







<210> 17 
<211> 320 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 17 

Met Ala Cys Gin Asn Asn Leu Val Val Lys Gin He He Asp Leu 
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Tyr 


Asp 


Gin 


Me 


Ser 


Lys 


Leu 


Lys 


Ser 


Leu 


Lys 


Pro 


Ser 


Lys 


Asn 


30 


Val 


Asp 


Thr 


Leu 


Phe 


Gly 


Gin 


Leu 


Val 


Ser 


Thr 


Cys 


Leu 


Pro 


Thr 


45 


Asp 


Thr 


Asn 


He 


Asp 


Val 


Thr 


Asn 


Met 


Cys 


Glu 


Glu 


Val 


Lys 


Asp 


60 


Met 


Arg 


Ala 


Asn 


Leu 


He 


Lys 


Leu 


Cys 


Gly 


Glu 


Ala 


Glu 


Gly 


Tyr 


75 


Leu 


Glu 


Gin 


His 


Phe 


Ser 


Thr 


lie 


Leu 


Gly 


Ser 


Leu 


Gin 


Glu 


Asp 


90 


Gin 


Asn 


Pro 


Leu 


Asp 


His 


Leu 


His 


He 


Phe 


Pro 


Tyr 


Tyr 


Ser 


Asn 


105 


Tyr 


Leu 


Lys 


Leu 


Gly 


Lys 


Leu 


Glu 


Phe 


Asp 


Leu 


Leu 


Ser 


Gin 


His 


120 


Ser 


Ser 


His 
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<210> 18 
<211> 963 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 18 

ATGGCTTGCC AAAACAATCT CGTTGTGAAG CAAATCATCG ACTTGTACGA CCAAATCTCA 60 
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AAGCTCAAGA GCTTAAAACC TTCCAAAAAT GTCGACACTT TGTTCGGACA ACTCGTGTCC 120 

ACGTGCTTAC CCACGGATAC AAACATCGAT GTCACAAATA TGTGTGAAGA AGTCAAAGAC 180 

ATGAGAGCTA ATCTCATCAA GCTTTGTGGT GAAGCCGAAG GTTATTTGGA GCAACACTTC 240 

TCCACAATTT TGGGATCTTT ACAAGAAGAC CAAAACCCAC TTGACCATTT ACACATCTTT 300 

CCTTACTACT CCAACTACCT CAAGCTAGGC AAGCTCGAGT TCGATCTCCT GAGCCAACAC 360 

TCAAGCCATG TCCCCACCAA GATTGCCTTC GTGGGTTCGG GTCCGATGCC TCTCACATCC 420 

ATCGTATTGG CCAAGTTTCA CCTCCCCAAC ACGACGTTCC ACAACTTTGA CATCGACTCA 480 

CACGCAAACA CACTCGCTTC AAACCTCGTC TCTCGCGACC CGGACCTCTC AAAACGCATG 540 

ATCTTCCACA CAACGGACGT ACTAAACGCA ACCGAAGCCC TTGACCAATA TGACGTCGTT 600 

TTCTTAGCGG CGCTTGTAGG GATGGACAAA GAGTCAAAGG TCAAAGCCAT CGAGCACTTG 660 

GAGAAACACA TGGCTCCTGG AGCTGTTCTT ATGCTAAGGA GGGCTCATGC TCTCAGAGCT 720 

TTCTTATATC CAATCGTTGA CTCGTCTGAT CTCAAAGGCT TTCAACTCTT GACCATCTAT 780 

CATCCAACCG ATGACGTGGT TAACTCGGTT GTGATCGCAC GTAAGCTCGG TGGTCCGACC 840 

ACGCCCGGGG TTAATGGTAC TCGTGGATGC ATGTTTATGC CTTGTAACTG CTCCAAGATT 900 

CACGCGATCA TGAACAACCG TGGTAAGAAG AATATGATCG AGGAGTTTAG TACCATCGAG 960 



<210> 19 
<211> 320 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 19 



Met Ala Cys Gin Asn Asn 
Tyr Asn Gin He Ser Asn 
Val Asp Thr Leu Phe Arg 
Asp Thr Asn He Asp Val 
Asp Met Arg Ser His Leu 
Tyr Leu Glu Gin His Phe 



Leu Val Val Lys Gin He 

Leu Glu Ser Leu Lys Pro 

Gin Leu Val Ser Thr Cys 

Thr Glu He His Asp Glu 

He Lys Leu Cys Gly Glu 

Ser Ala He Leu Gly Ser 
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Met Asp Leu 15 

Ser Lys Asn 30 

Leu Pro Thr 45 

Lys Val Lys 60 

Ala Glu Gly 75 

Phe Glu Asp 90 
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<210> 20 

<211> 963 

<212> DNA 

< 2 1 3> Arabidopsis thaliana 

<400> 20 
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Pro Tyr Tyr Asn Asn Tyr 105 

Leu Leu Ser Gin His Thr 120 

I le Gly Ser Gly Pro Met 1 35 

Phe His Leu Pro Asn Thr 150 

His Ala Asn Thr Leu Ala 165 

Leu Ser Lys Arg Met lie 180 

Lys Glu Gly Leu Asp Gin 195 

Val Gly Met Asp Lys Glu 210 

Glu Lys His Met Ala Pro 225 

His Gly Leu Arg Ala Phe 240 

Leu Lys Gly Phe Glu Val 255 

Val Val Asn Ser Val Val 270 

Gly Ala Arg Gly Ser Gin 285 

Asn Cys Ser Lys Val His 300 

Lys Asn Leu lie Glu Glu 315 

320 



ATGGCTTGCC AAAACAATCT CGTTGTGAAG CAAATCATGG ACTTATACAA CCAAATCTCA 60 

AACCTCGAGA GCTTAAAACC ATCCAAGAAT GTCGACACTT TGTTCAGACA ACTTGTGTCC 120 

ACGTGCTTAC CAACGGACAC GAACATCGAT GTCACAGAGA TACACGATGA AAAAGTCAAA 180 

GACATGAGAT CTCATCTCAT CAAGCTTTGT GGTGAAGCCG AAGGTTATTT AGAGCAACAC 240 

TTTTCAGCAA TCTTAGGCTC TTTTGAAGAC AACCCTCTAA ACCATTTACA CATCTTCCCC 300 
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TATTACAACA ACTATCTCAA ACTAGGCAAA CTCGAATTCG ATCTCCTTTC TCAGCACACA 360 

ACCCATGTCC CGACCAAAGT CGCCTTTATT GGTTCCGGTC CGATGCCACT TACTTCCATC 420 

GTCTTGGCCA AGTTCCACCT CCCCAACACA ACGTTCCACA ACTTCGACAT CGACTCACAC 480 

GCCAACACAC TCGCTTCAAA CCTCGTTTCT CGTGATTCTG ACCTTTCCAA ACGCATGATT 540 

TTCCACACAA CTGATGTATT AAACGCTAAG GAGGGGTTAG ACCAATACGA TGTTGTTTTC 600 

TTGGCAGCTC TTGTTGGGAT GGATAAAGAG TCAAAGGTCA AAGCTATTGA GCATTTAGAG 6 60 

AAGCATATGG CCCCTGGAGC TGTGGTGATG CTAAGAAGTG CTCATGGTCT TAGAGCTTTC 720 

TTGTATCCAA TCGTTGACTC TTGTGATCTT AAAGGGTTTG AGGTGTTAAC CATTTATCAT 780 

CCGTCTGACG ACGTGGTTAA TTCGGTGGTC ATCGCACGTA AGCTTGGTGG TTCAAATGGA 840 

GCTCGAGGCA GCCAGATCGG ACGGTGTGTG GTTATGCCTT GTAATTGCTC TAAGGTCCAC 900 

GCGATCTTGA ACAATCGTGG TATGGAGAAG AATTTGATCG AGGAGTTTAG TGCCATCGAG 960 

TAA 963 



<210> 21 
<211> 320 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 21 



Met Gly Cys Gin Asp Glu Gin Leu Val Gin Thr He Cys Asp Leu 15 

Tyr Glu Lys He Ser Lys Leu Glu Ser Leu Lys Pro Ser Glu Asp 30 

Val Asn He Leu Phe Lys Gin Leu Val Ser Thr Cys He Pro Pro 45 

Asn Pro Asn He Asp Val Thr Lys Met Cys Asp Arg Val Gin Glu 60 

He Arg Leu Asn Leu lie Lys He Cys Gly Leu Ala Glu Gly His 75 

Leu Glu Asn His Phe Ser Ser lie Leu Thr Ser Tyr Gin Asp Asn 90 

Pro Leu His His Leu Asn He Phe Pro Tyr Tyr Asn Asn Tyr Leu 105 

Lys Leu Gly Lys Leu Glu Phe Asp Leu Leu Glu Gin Asn Leu Asn 120 

Gly Phe Val Pro Lys Ser Val Ala Phe He Gly Ser Gly Pro Leu 135 

Pro Leu Thr Ser He Val Leu Ala Ser Phe His Leu Lys Asp Thr 150 
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<210> 22 

<211> 963 

<212> DNA 

<2I3> Arabidopsis thaliana 

<400> 22 



ATGGGTTGCC 


AAGACGAACA 


ATTGGTGCAA 


ACAATATGCG 


ATCTCTACGA 


AAAGATCTCA 


60 


AAGCTTGAGA 


GTCTAAAACC 


ATCCGAAGAT 


GTCAACATTC 


TCTTCAAGCA 


GCTCGTTTCC 


120 


ACATGCATAC 


CACCAAACCC 


TAACATCGAT 


GTCACCAAGA 


TGTGTGACAG 


AGTCCAAGAG 


180 


ATTCGACTTA 


ATCTCATCAA 


GATTTGTGGT 


CTAGCCGAAG 


GTCACTTAGA 


AAACCATTTC 


240 


TCTTCGATCT 


TGACCTCTTA 


CCAAGACAAC 


CCACTTCATC 


ATTTAAACAT 


TTTCCCTTAT 


300 


TACAACAACT 


ATTTGAAACT 


CGGAAAGCTC 


GAGTTCGACC 


TCCTCGAACA 


AAACCTAAAT 


360 


GGCTTTGTCC 


CAAAGAGTGT 


GGCTTTCATT 


GGATCTGGTC 


CTCTTCCTCT 


CACTTCCATC 


420 


GTTCTTGCTT 


CATTCCATCT 


CAAAGACACA 


ATCTTTCACA 


ACTTTGACAT 


CGACCCATCA 


480 


GCGAACTCAC 


TCGCTTCTCT 


TCTGGTTTCC 


TCTGATCCAG 


ACATCTCTCA 


ACGCATGTTC 


540 


TTCCACACCG 


TTGATATAAT 


GGACGTGACA 


GAGAGCTTAA 


AGAGCTTTGA 


TGTCGTGTTT 


600 



33 / 34 



WO 99/57249 



PCT/JP99/02305 



CTAGCTGCTC TTGTTGGAAT GAACAAAGAG GAGAAAGTTA AAGTGATCGA GCATCTGCAG 6 

AAACACATGG CTCCTGGTGC TGTGCTCATG CTTAGGAGTG CTCATGGTCC GAGAGCGTTT 7 

CTTTATCCGA TCGTTGAGCC GTGTGATCTT CAGGGGTTCG AGGTTTTGTC TATTTATCAC 7 

CCAACAGATG ATGTTATCAA CTCCGTGGTG ATCTCTAAAA AGCATCCAGT TGTTTCAATT 8 

GGGAATGTTG GTGGTCCTAA TTCATGCTTG CTCAAGCCTT GCAACTGTTC CAAGACCCAC 9 

GCGAAAATGA ACAAGAACAT GATGATCGAG GAGTTCGGAG CTAGGGAGGA ACAGTTGTCT 9 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) Claims 1-26 YES 

Claims ____ NO 

Inventive step (IS) Claims 1-26 YES 

Claims NO 

Industrial applicability (IA) Claims 1-26 YES 
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2. Citations and explanations 
Claims 1,2 

Document 1 [Purification and characterization of nicotianamine synthase from Fe-deficient barley 
roots, (Kyoko Higuchi et al.), Plant and Soil, 1994, Vol. 165, No. 2, pages 173-179] cited in the ISR 
discloses barley-derived nicotianamine synthase (NAS) which is purified to the extent that it forms only 
1 band with SDS-PAGE. Nevertheless, it is not purified to the extent that it can be recognized as being a 
single chemical substance, but rather is merely a mixture of various NASs (see for example [Soil Sci. 
Plant Nutr., 1999, Vol. 45, No. 3, pages 681-691]. It is thus considered that the subject matter of claims 1 
and 2, which aims for the protection given by a single chemical substance, is neither disclosed in 
document 1 or any of the documents cited in the ISR, nor obvious to a specialist in the technical field in 
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Claims 3-26 

The subject matter of claims 3-26 is neither disclosed in any of the documents cited in the ISR, nor 
considered to be obvious to a specialist in the technical field in question based on prior art (which 
includes said documents). 
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